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Preface 



The space age began in 1957, with an 83 -kilogram 
Russian satellite beeping greetings to a startled world, 

B John E Saugle 
\ NASA 

It is important to remember that the United States 
was not first in space. Even today, with giant steps and 
golf shots on our side, it is important to remember 
that in the face of our shrinking program the Soviet 
program is expanding. At the same time approximately 
80 of the nations of the world have joined the 
search. Indeed, it is quite possible that, in the future, 
the majority of significant breakthroughs will come 
from outside our national program. The mastery of 
space is truly a world-wide project. Any student of 
space or space exploration will find it a necessity to 
understand these space -programs. 

Unfortunately, few students have accomplished the 
;task of understanding other national and intematipnal 
space programs. One important rea^ why ha?: been 
the degree of secrecy concerning the Soviet space pro- 
gram. Another is the diversification of information ori 
programs outside the United States. The news media 
emphasize the development and history of our space 
shots and, in contrast, make only an occasional an- 
nouncement of a launch by other nations. The result- 
ing erratic disposition of information and material 
makes it impossible for the average reader to ac- 
curately follow worldwide space programs. 

/// • 

» O 



I 



It is the purpose of this text to collect the diverse 
information currently available and present it in a 
readable form. This purpose is to allow the student to 
accomplish five goals; these are: 

• to examine the Soviet space program; 

• to understand the future of Soviet space activity; 

• to examine other national and international space 
programs; 

• to compare the advantages and disadvantages of 
joint and independent space efforts; 

• and, finally, to review some of the resulting inter- 
national relations, agreements and laws that have 
grown from space exploration. 
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^ TSIOLKO.VSKVS "DREAM 

V 

ThQ Russian people claim Konstantin E. Tsiolkovsky (Fig. 1) as 
the ^founding father of 'astronautics (space travel), just as Ameri- 
cans honor Robert Goddard as the father of rocketry. Tsiolkoysky, 
perhaps no less than GodiJ^d, performed essentiai early work in 
the science of rocketry and is acknowledged 'around the world as 
an iroportant pioneer in that field. 

The So^et Union's interest in space technology can be traced 
to work by T^^iolkovsky in the late nineteenth and early twentieth 
centuries. The ^.ussian im'agination wa^ captured by his predic- 
tion: "Manlcind will not stay on Earth forever,' but, in the 'pursuit 
ot light and space, will at first timidly penetrate beyopd the limits 
of the atmosphere apd then conquer all the space around the sun/' 

Russian interest in making that prediction come true was not 
lacking. Tsiqlkovsky's disciples continued to work in the field that 
.he had of)ehed .to them, and, Jn* 1924, an organization called 
"the Central Bureau for the ' Study of\ the Problems of Rdtkets 
(later known as the. Group for the Study of Reactive Molion) 

■• ..■ -, • '■■ ■ ..10 , 
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was formed. This Russian rocket society, with chapters in Moscow 
and Leningrad, came into being three years before the first rocket 
society was organized in Germany. 




FIflura 1. Konstonttn Eduardovlch Tilolkoviky, bpm 1157, dl«d 1933; "Th« Fathtr 

of Astronautfes." 
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The Soviet Government began a program of rocket research in 
1934, the same year that Goddard unsuccessfully tried to interest 
the US Government in rocketry. Official US interest i¥i rocketry 
was not aroused until the eve of World War II. As a result, 
when both nations began active rocket programs, the Soviet 
Union had already fashioned a lead. 



considerable impact on Soviet interest in space exploration. Al- 
though the Soviets made tremendous technological advances dur- 
ing World War II, as the w^ ended, Soviet technology was still 
backward in many areas. The United States had a monopoly on 
A-bombs, and even the defeated Germans led the world in rocket 
technology. The chance that these two developments might be 
joined put the Soviets jeven further behind. For the relatively 
young Communist government, such developments were critical. 
The Soviet Union, therefore, launched the first all-out space 
program, determined to put the Union of Soviet Socialist Re- 
publics into space ahead of the rest of the world. Soviet leaders 
hoped that, in the process, the Soviet Union's place as a world 
power woiild be enhanced. 

Both Soviet and AmericJan rocket programs benefited from the 
capture of ijermari scientists and V-2 rockets at the close of 
World War II, but the Soviets pursued their own program with 
greater intent. As a result, on 4 October 1957, the first phase of 
Tsiolkovsky's dream came true. "Mankind. . .in pursuit of light 
and space beg^ to timidly penetrate beyond the limits of the 
atmosphere ..." as Sputnik 1 (Fig. 2) circled the earth. 



Before the Soviets could begin to develop a space program, 
they needed to develop a system for command and control ^d 
a stable of launch vehicles. The system of launch and control 
sites (Fig. 3) includes a command^ center* (like the US Houston 
Control) at Baikonur, a manned spacecraft center (like the Hous- 
ton Center) at Zvezdny Gorodok with three launch center^ 
Tyuratam^ Kapustin Yar and Plesetsk. In the facility at Kapustin 
Yat, where the Soviets brought the captured Gjerman technicians, 




SOVIET LAUNi 




IITES 



INTERNATIOS'AL SPACE PROGRAMS 





if 

2. Copy of Spvtnik-1 bol dt o ploc* of prWr in Tiiolkoviky 
Mwwum of Ait^^^tfttet in Koluyo. 



they developed the necessary technology to launch a sputnik 
(satellite). V^^h this advancement, the conunand to^ launch was 
given at the Baikonur Cosmodronae. 

• ti 
^ Tytiratam ^ 

In response to the launch, conunand, the satellite Sputnik 1 
vtas launched from an ufknovm'^point in th!pSc^et Union\Ja'pS- 
nesc scientists were the^first to figure out lie genera location 
of the launch site. They said that it was east of the A^j^ Sea, and 
not at the rocket test site at Kapustin Yar on the Volga River* 
When the Soviet -Union later announced t|;ie launch, they claimed 
that it originated at the Baikonur Cosmodrome. However, latef 
ground traces geographically placed the real site 230 nriles south- 
west of Baikonur at Tyuratam, 

The first US launch site was Cape Canaveral (Cape Kennedy) 
The Cape has grown into a vast complex used largely for research^ 
and development and Ni^SA manned launches "^e same history 
applies to Tyuiipitam. From its cosmodrome, Soviet scientists and 
engineers handle manned space launches and conduct research and 
development, * 

^ 4 ^ 
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K*postin Yir 

As the US program expanded its activities, Cape Kennedy be- 
came so bus> that, in time, requirements arose for a simpler fa- 
cilil), that would be closer to the scientists at Goddard and Lang- 
ley Space Centers. The answer was the Wallops Island launch 
site, which handles onl> Scout launch vehicles and smaller rockets. 

The Soviet Union probably had the same problems because 
the Soviet space authorities began space launches with smaller ve- 
hicles from Kapustin Yar. WTien the Soviets announced the launch 
of Cosmos 1 (see chapter 2 for discussion of the Cosmos series), 
the ground trace olf^the first orbit went right through their old 
testing ground at Kapustin Yar: 

The United States has one other important suborbital launch 
site at White Sands, New Mexico, which is used for firing V-2, 
"VikiQ^, and Aerobec rockets. The Soviets use Kapustin Yar for 
similar g&opljvsical and biological payloads. 

" ' Plesetsk 

As time went on, the United States needed a launch site for po- 
lar orbits. Polar orbits are necessary for worldwide coverage in 
applications flights such as weather satellites. Also, many mili- 
tary flights needed the angle of launch and privacy of a third 
launch site To solve the problem, launch facilities were located 
at the Vandenburg AFB-Point Arguello launch site. The west 
coast site met the launch azimuth (angle of launch) needs. 

The same considerations^ probably influenced Soviet policy. 
When Tyuratam was sufficiently bus>, Soviet authorities may 
have felt the need for a different site that would be more ver- 
satile than Kapustin Yat. Such a site could also be located closer 
to the Moscow laboratories. In 1966, military and applications 
flights began coming from such a new site. However, because 
it was US policy not to^ake the initiative in naming Soviet launch 
sites, the honor of identifying the new site was left to some British 
school bo>s at the Kittering Grammar School north of Ipondon. 
Becoming interested in space exploration, the> had developed 
their own listening station. B> listening to radio signals from space- 
craft, the) could carefull) plot the ground traces. The boys even 
came to recognize when Soviet recoveries were in progress ^nd 

5 
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what beacon signak came from the landing capsule. When the new 
launch site came into use, the Kittering boys spotted the new 
ground trace, however, lacking precise information about »the time 
of the launch, they were unable to pinpoint the site. Another 
launch from the Soviet^s new site had a different inclination* 
(angle to the equator). By crossing the two ground traces of the 
first orbits (Fig. 4) the Kittering boys were able to approximate 
the location of the launch site. It was near the town of Plesetsk; 
the launch site was given the same name. 



Zvezdny Gorodok, which means Stellar Town but is usually 
translated as Star City, is in many respects the Soviet equivalent 
of the Manned Spacecraft Center in Houston, Texas. Star City 
is located approximately 25 miles northeast of downtown Moscow, 
hidden by a forest of fir and pine. The training cedter is com- 
pletely self contained, with modem high-rise apartments, a school, 
a hotel, a small shopping center, and, of course, the "house of 
culture." 'The tiny city of 1,500 to 2,000 (this varies according 
to mission requirements) is domisated by a large bronze statue 
of Yori Gagarin^ the first ma» in space. 

The training area is scparajted by forest and a large green 
board fence. Here are located a classroom building, spacecraft' 
simulators, gjjmnasium, athletic field, medical center, office build- 
ing,, and living quarters, where the cosmonauts stay during post- 
flight examinations. 

American space officials who have been permitted to visit Star 
City have imported ^at traimng there follows ^'principles similar 
to ours." There ardf three areas of major efaphasis. First is what 
the cosmonauts call the "devil's merry-go-round." This is a large 
centrifuge that reyolves and spins to test the cosmonauts' resist- 
ance to increased G-forces (^vity pull) associated with launch 
and reentry. Second, in a separate building, the- cosmonaut is 
taught to maintain his balance and perspective in extreme situa- 
tions. ,This is accomplished by placing the cosmonaut in a chair 



•The tocUn«Uon or tntlc to the Equiior. of a launch U critical to the protrainincd function 
oi the launch As will be tm in later chapter*. »ome »atel»ie$ require a 0^ iacUrjatloo 
(Chapter 4, IndU and BrwU) while othen ntoit combine an Inclination of 65» wjtn an 
elliptic*! orbit to be functional (Chapter 2. Molnlyi). 



Zrezdny Gorodok 
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in the center of a. large cylinder. The walls of the cylinder are 
painted with black and white stripes creating various opUcal il- 
lusions. As the cylinder is rotated, the cosmonaut is required to 
^eep his balance and remain sitting straight up at all times. The 
final area of major empahsis is parachuting. Although this is no 
longer a backup system in case a ^ft landing attempt fails, the 
Soviets emphasize it as a test of one's ability to handle high^stress 
situations. | 

SOVIET LAUNCH VEHICLES 

Before the Soviet Union established its commitment to the ex- 
ploration of spae«, the Government committed the country to the 
task of mating the German advances in rocketry to the American 
developed atomic bomb. As a result of these activities, the Soviets 
had ^ effective Intercontinental Ballistic Missile (ICBM) potential. 
When the decision was made to enter into a space program, 
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the military ICBMs akcady developed became a ready source of 
launch vehicles. As a result, 'the series A,B,C, and F launch 
vehicles are converted ICBMs, Intermediate Range Ballistic Mis- 
sUcs (IRBMs) or Medium Range Ballistic MissUes (MRBMs). 
Only the series D and the series G launch vehicles are of civilian 
origin. The series G, as of 1972, had yet to record a successful 
launch; and the series D has never proven reliable enough for it 
to be man-rated (rated safe enough to carry manned payloads). 
^ In vcontrast, the United Sta.tes, with the exception of the Red- 
stone launch. vehicle, developed an ahnost entirely civilian booster 
series. Figure' 5 shows the pntire stable of, Soviet launch vehicles 
for orbital and escape space flights. 

The Standard Launch VehJdc (Serks A) 

The Soviet adaptatioii of the 1957 SS-6 Sapwood ICBM is 
still the mainstay of the Soviet program. It ^ has been used from 
Sputnik 1 to the latest Soyuz mission, accomplishing more orbital 
launches than any other <^cle in the world (Fig. 6). 

In the early years of the space age, many unusual stories 
arose about the Soviet launch vehicles. Because of Soviet secrecy, 
the United States could only guess what the Soviets were using. 
Faced with the mystery of what the Soviet launch vehicle was 
like, many views were offered. The earliest testimony from US 
officials estimated that the vehicle had a thrust of 200 to 300 
thousand pounds. But^ as time passed and the weight of the pay- 
loads increased, estimates were ^raised to 800 to 900 thousand 
pounds. This was about two and one half times the thrust of 
Atlas or double the thrust of the Titan' U first stage. When the 
Soviets fUed the claim for a world fUght record with the. Federa- 
tion Aeronautiquc Internationale (FAT) in Paris, they stated that 
the combined thrust of all stages was 600 metric tons. This meant 
a total thrust of 1,323,0C!D pounds, a capabiUty that the Soviets 
possessed as early as 1957. 

First public view.— It was not until 10 years after Sputnik that 
the complete' scries A vehicle was unveiled at the Paris air show in 
1967. It was compos^arof a hammerhead core vehicle with four 
large strap-on boosters, an upper stage, and a Voslok spacecraft 
m the top. It was so sturdy that it was quite consistent for the 
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core plus strap-ons to have a thrust of over one million pounds. 
From these bits and pieces, one' can now reconstruct the Soviet 
advantage with the large standard vehicle. While US space offi- 
cials were working with 20-pound Vanguard payloads, the Soviets 
were planning in terms of tons. 

The other surprise at Paris was the* simplicity of the whole sys- 
tem. It was reminiscent of the unofficial von Braun symposium 
plans (published in J 952) for a multi-nozzled rocjcet. The Soviet 
vehicle not only had a core with four strap-on boosters, but each 
of these units had four exit nozzles. The 20 nozzles (Fig. 7) 
did not gimbal (move for steering purposes) as do the nozzles 
6n US rockets but, mstead, relied upon small control nozzles 
tof guidance. 

Improved upp?r stage (A-1).— Later, another upper stage was ' 
developed and the Series A vehicle was then capable of putting 
14,000 pounds m orbit, sendmg 3,500 pounds to the Moon, or 
sending 2,400^ pounds to the planets. As filed with the FAX, this 
improved standard vehicle (A-1) was described as having a com- 
bined total thrust of 650 metric tons or 1,433,250 pounds. 

The Snudl Utility Ltnnch VeUde (Seri«^) 

Whence Kapustin Yar site came into use, an existing inter- 
mediate range missile with a suitable new upper stage was needed 
* to lift the modest payloads. Since the British classed these pay- 
toads within the range of a missile similar to the US Thor, it 
was easily identified as an adaptation of the SS-4 Sandal MRBM, 
of 1963 Cuban fame. By modifying the Sandal for space flight, 
the Soviets developed the Series B launch veTiicle, and by adding 
an upper stage, the B-1 (Series B plus upper stage) was devcl- 
opjed. The Series B is also referred to as 4he Cosmos vehicle, the 
Kapustin Yar small vehicle, and the KY-l^ch vehicle* The B-1 
can lift up to a 600-pound payload and. Is uied at both Kapustin 
Yar and Plcsctsk. \ 

The Flexible Intermediate Lannch Veliic]^ (Series Q 

Something 'more efficient than the Series A and more versatile 
than the Series B was needed for intermediate payloads launched 
' at Tyuratam and, later, at Plesetsk. To this end, the Soviets modi- 
fied the SS-5 Skcan IRBM, which is capable of lifting as much as 
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Fioure 5. Soviet Launch Vehicles- left to right: "A" vehicle early Sputn.k pay- 
load: A-1 veh.cle w.th early Uur,a payload; A-1 vehicle ^ostok payload; A-2 
vehicle with VoskhtK. payload; A-2 vehicle with Soyuz payfoad; A-2-e veh.cle w^th 
deep space payload; B-1 vehicle With small cosmos payioad- C-1 veh.cle for inter- 
mediatfcosmos payload. upper stage i, postulated; o/l-e 

F_l-r/m vehicle for FOBS and interceptors, upper stages postulated. G-1-e veh.cle. 
postulated. 
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2,000 pounds into orbit. It is capable of attaining circular orbits 
at various. altitudes. 

The Non-MUitary Lurge Laimch Vehicle (Series D) 

Due to their limited potential, military missiles were only interim 
boosters as space plans became more amMlous. In this country, the 
National Aeyonautics and Space Administration (NASA) developed 
Satxun with a total thrust of abj5ut 1.5 million pounds and then 
upgraded to Saturn V, in 1967, with a first-stage thrust of 7.5 mil- 
lion pounds. This, was followed by a second-stage rocket with 1 
million pounds of Arust.and with a third stage having 200,000 
pounds of thrust. ^ • - 

'The Soviet Union has" been proud of its operational lead in 
lifting power. While US space officials were still using Thor and 
Atlas vehicles ;for larger payloads, the Soviets were using the Series 
A of far greater capacity. They were ,also fully aware of US prog- 
ress in the Titan III and Saturn family. And they annoxmced that 
they were undertaking far more aii^bitious space flights. This 
strongly suggested that the world should expect to see a larger 
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vehicle appear on the scene, and, in the summer of 1965, it did. 
Used to launch the Proton satellite series, the new booster was* 
soon known by the same name. At first, the Series D (Proton) 
had an estimated 3 million pounds of thrust, then, in Noveiyiber 
1968, the Series D was upgraded to ah estimated 3.97 million 
pounds of thrust, with the addition of an improved upper stage\ 
(D-1). 

The Military Combat Launch Vehicle (Series F) 

As the Soviet military space program advanced to include sucM 
weapons as interceptor/ destructor satellites and fractional orbit 
bombardment satellites (FOBS) (see chapter 2), still another mili- 
tary carrier was pressed into service. The SS-9 Scarp ICBM was 
adapted for space launch. By adding an upper stage (F-1) and 
placing it in a hardened silo with a FOBS war head (F-l-r), 
a completely new dimension was added to Soviet offensive power. 



The Super 'Btooster (Series G) 




* The Soviets are now working on a super booster. Its primary 
purpose will be to place in oroit the core of the Manned Orbital 
Platform (MOP). (See chapt^ three). The Series G has been re- 
ported to be a bullet-shaped rocket half as big again as the Saturn 
V. ^ ' 

The big booster. With up to 10 million pounds of thrust, has 
been plagued with ,piisf ortune since the summer of 19,69. During a 
static test firing, the first prototype was damaged extensively by 
fire and explosion while still in pre-launch operations. It took So- 
viet engineers a reported 18 months to restore the lajunch site. 
In the summer of 1971, a violent explosion * ripped apart the 
second prototype after it had reached an altitude of 12,000 meters 
during a test launch. 

CONCLUSION 

From the dream of Tsiolkovsky and tl^ embarrassment of its 
backseat position in technology after World War II, the Soviet 
Union launched an aggressive space program.^In space explora- 
tion, the decade of 1957-1967 was ruled/by the Soviet Union 
with the United States a confirmed second. [The year 1967 marked 
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% reversal of that role as the United. States became the world 
leader in lift capacity. However, US domi^iance in the second ' 
decade of space does not assure permanent superiority. If the, 
Soviets overcome the difficulties which they are experiencing with 
their series G launch vehicle, it could mean another decade domi- 
nated by the Soviet Union. ^ 

WORDS, PHRASES AND NAMES TO REMEMBER 

Konstantin E. Tsiolkovsky (kon-staKn-TEEN tsyahl-KOFF-skee) 
Baikonur (bigh-kahrNOOR) 

Zvedzny Gordok (ZVYAWZD-nee guh-rah-DAWK) . 

Tyuratam (TYOO-rah-tum) 

Kapustin Yar (kuh-POOS-tin YAR) 

Plesctsk (pli-SETSK) 

Sputnik 1 (Satellite) 

Kittering Grammar School 

ground traces 

inclination 

Yuri Gagarin (yu-kEE guh-GAR-in) 
man-rated 

vostok (vah-STAWK) 
gimbal 

Cosmos vehicle 
Kapustin Yar small vehicle 
KY-launch vehicle 
Proton 

fractional orbit bombardment satellites 
Scries G 

QUESTIONS 

1. Who is considered the **father of astronauticsr 

2. List tW9 factors that motivated the Soviets into undertal^ing a program 
of expanded rocket research and space exploration. 

i. What are the names and locations of the Soviet equivalents of the follow- 
ing US faciliHes: 

a. Houston Control, ^ . . 

b. Houston Manned Space Craft Center, 
c; Wallops IsUtnd, 

d. Cape 'Kennedy, 

e. Vandenburg AFB, 

f. White Sands? 
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4* Wlx7 did the Sorlets enjoy tn initial tdrantaffe over fiie United States in 
booeiter capability? 

5* Name tiie origta of tiie six Soriet space vehides. 

6. What booster Is bcUevcd to be tiie worid^i most powerfol at tiie present 
time? 



THINGS TO DO 

1. Use styrofoam, wire, cardboard, or any other materials available 'to make 
modeb of the Soviet launch vehicles. Be sure to keep them in scale with 
each other, so they can be displayed as a model of the Russian stable of 
iaunchersf 

2. On a map of the Soviet Union locate and mark the Soviet ground facilities 
Consult Appendix A, and then, by using the launch inclinations listed, plot 
the grouna traces of various launches. After this is completed sec if you 
can explain, using your map, how the Kittering Grammer School boys 
found PleselsL 



\ 



report to the class on other famous Soviet si»ce pioneers and officials 
not mentioned in this text. Consider such names as Kondratiuk (kuhn- 
drah-TYOOK), Korolev (kuh-rahl-YOFF), Tukhachevsky (too-hah-CHEFF- 
skeC), Tikonrovov (tec-hahn-RAH-voff), and Pobedonostev (puh-byeh-dah- 
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THE UNMANNED SPACE PROGRAM 
When Soviet space flight began, there was only one program. 
It was the beginning of the unmanned program, and it consisted of 
three Sputniks and three Luna missions launched over a three- 
year period. 

The E*riy Spotoiks, 1957-58 

On 29 July 1955, the United States announced that it intended 
to contribute to the coming International Geophysical Year {IGY) 
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by putting a 20-pound Vanguard payload into orbit A. day later, 
the Russians announced that they had similar, though more am- 
bitious plans, but most of the Western World hardly listened. WTien 
the shock of Sputnik 1 (Fig. 8) came on 4 October 1957, the^e 
were many who were sure at least that a decimal point had been 
misplaced when the weight was given as 18^4 pounds. More than 
anything else. Sputnik shook the complacency about the unbeat- 
able lead of US science- 
News of Sputnik 2 in I^ovember 1957 further shook the West- 

« 

em World when its weight was announced as 1,121 pounds, with 
an attached carrier rocket weight of over 5 tons. Also on board 
was jthe dog Laika (Russian for **barkcr*0, from which for a 




B^ur* 8. Spi/tntk 1. 
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Rgur* 9. SpvtnlV 2: Tht Lalka lounch. 

'week were relayed to earth biological' data on the effects of weight- 
lessness, radiation, and other information (Fig. 9). From these 
studies came much of the basic data on which later manned 
flints were planned. 

The deepening US feeling of depression was compounded the 
following month when the widely -heralded Vanguard fell back 
on its pad and exploded. The United States did not match the 
1957 Soviet records for total weight in orbit in any payload un- 
til the Satjim 1 flight in 1964; further, the United States was 
unable to match tBe feat of orbiting a satellite for almost a year 

The Russians were impressive with Sputnik 3. This, 2,926- 
pound orbitmg geophysical laboratory was not matched by the 
United States fronl the time that it was launched in 1958 until 
the first tJS Orbimg Geophysical Observatory (0G0> flights in 
1964. SputnilcSH^rated for two years until natural flccay (the 
effect of friction and gravity) constricted its orbit, causing it to 
reenter and bum. 
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The Etriy Laiui Fligiils, 1959 



The . next year brought the addition of an upper stage to 
the standard launch* vehicle, greatly enhancing its capability. 
Ihis improvement was first applied to the lunar program. Amer- 
^Uis called these pa> loads luniks, and later, this Americanism was 
so catching that the Russians themselves began to use it 

The first of the Luniks was officially called Luna L Luna 1 
was a pressurized spherical container with a miiiimum* of in- 
strumentation. Based on its * high, ^velocity and its*^ contents, in- 
cluding various mWujc emblems ,Jvith the coat of arms of the 
Soviet Union, it was^ concluded that Luna 1 was intended to 
strike the Moon._ However, its velocity was so great that, after 
its first pass at 3,700 miles, a slight bend in its trajectory (path) 
took it into a long flight around the Sun to become tl^e first 
artificial planetoid* Ti^e United States made five lunar attttnpts 
m the Pioneer series. Pibncer 4, with a 1 3-pound_4iayload^missed 
the Moon like Luna 1 and became tbe^^seconijartificial plan- 
etoid 




After many months, Luna 2 was launched and struck the moon 
270 miles from its visible center — a well executed flight. The 
United States 'Was unsuccessful in hitting the moon until Ranger 
4 fell out of control on the far-side. The first fully succbssful 
US lunar mission wa^ Ranger 7 in 1965 after nine Pioneers, 
two practice Ranger shots, and fqur lunar Ranger attempts. 

Luna 3 (Fig. IQ) was launched on the second anniversary 
of Sputnik 1 with the objective of passing near the far side of 
the moon by'^means of an intricate maneuver. A close pass 
was accomplished by launching Luna 3 from an orbiting plat- 
form rather than the earth. Since Luna 3 approached at a dif- 
ferent angle than a launch from the earth, it could pass close 
to the far side ,of the Moon. It was equipped with a camera, 
which took photographs of the hidden side of the Moon. These 
photographs were developed automatically and then sent back 
to Earth through radio facsimile. The results were processed 
through a computer to translate some rather crude data into a 
fairly detailed nfap of craters on the far side of the Moon. 
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Soviet space experts 
TCTOCreasingly more profi-' 
cicnt in the area of space explo- 
ration, the Soviets began to 
specialize in mission goals and 
objectives. Specialization rapidly 
led to distinct programs with de- 
' finable direction and purpose. 
However, this distincUveness did 
not carry over into the labeling 
of programs. As a result, even 
though there were several un- 
manned near-earth programs, 
nearly all were ^ encompassed 
within the Cosmos series (Fig. 
11). Because so much of the 
near-earth exploration is imder 
the Cosmos cover, we will' con- 
sider this progijun in sofne detail. 

The Cosmos series. — From 
1962 on, most Soviet flights! were 
simply named Cosmos and given 
^ ^-a number. This broad label coveted a great variety of scientific, 
manned precursor, and military uses (Fig. 12). It also was used 
to disguise certain failures which attained earth orbit but jrobably 
did not accomplish their full purpose. Thus, tiie-Gosm^'cover has 
^iJecn used to conceal failure, to ^'m^^^^^vDig new pfbgrams or 
experiments, and to permit usfr.<)rcivilian satellites for military pur- 
poses. Even so, tiirough study of repetitive orbital patterns, Uie kinds 
debris associated with tiie flights, and Uie timing of Uiese flights, 
It has been possible to group most of tiiese payloads by mission. 

Some of tile small Cosmos payloads have been identified as 
fulfilling a variety of scientific missions equivalent to tiiose of 
the Explorer series of NASA. Most satellites witiun this series 
orbit at 49 degrees inclination from Kapustin Yar. A few scien- 
. tific Cosmos flights are launched from Plesetsk whenever studies 
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of polar phenomena are undertaken. The bulk of the small Cos- 
mos payloads launched, first from Kapustin Yar and now mostly 
from Plesetsk (at 71 or 82 degrees inclination), serve some mili- ^ 
tary support function: No precise purpose can be defined from 
public sources. 



The intermediate Cosmos payloads are sometimes put up eight 
at a time. These launches center around development of a space 
navigation system, probably in support of Soviet submarines. A 
satellite-based navigation system is acknowledged by the Soviets 
withoi^l^ehtion of the individual satellites used. There is enough 
variety in the patterns of these flights that the suspicion arises 
that some flights serve as. a secret data gathering function such 
as electronic ferreting for the military. The first l^^nches were from 
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Tyuratam, but tVe majority come from Plesetsk at 74 degrees in- 
clination. ^Jew i|fissions contained within this series are compli- 
cating the task of analysis. 

The Military Observation Recoverable Cosmos: Several gen- 
erations of satellites that could serve photographic and ferreting 
missions have been launched trom Tyuratam and Plesetsk. All 
of these use the standard Series A vehicle, now with an improved 
upper stage. The ixtemal hardware closely resembles the series 
of manned VostoK craft. The latesi^hots have been known to 
stay up for 12 to 13 days. They often maneuver for greater ac- 
curacy in reaching selected targets of view and occasionally 
carry piggyback craft. / 

Precursor Craft and Failures within Cosmos: Each important 
new step in the manned program ^s preceded by an^ automatic 
Cosmos precursor before men were committed. This may stem 
from any of several reasons such as an attempt " to* hide the 
new program, a fear of failure, or a imiquc classification sys- 




FlQur* 13. Motnlya. 





Figur« 14. Molniyo orWt. ' 

tern. Whatever the reason, almost all unmanned tests of manned 
J payloads are performed un^er the "Cosmos cov^r." Also, failures 
of deep space craft to leave earth orbit are jgivcn Cosmos, names 
and glossed over without acknowledgement. , 

The Remaining Near-Earth Programs ^\^^ 

There ^ are only fhree exceptions to the "Cosmos cover" in the 
^ ^ unmanned, riear-earth category. These exceptions are the Mohiiya, 
Meteor, and ^Elelctf on payloads. Without question, the Molniya and 
Me{eor series were developed under the Cosmos cover. As for 
the Elektron series, there is current speculation that its designa- 
tion is a cover ijame for military ^ o|>servatidn flights. 

The Molniya series, 1965.— Molniya (lightning. Figure 13, 
cvis a communications satelfite. There are at present twp ba§ic 
»types, Molniya 1 and Molniya 2./To date, twenty-two Moltiiya 1 
payloads have been orbited with Cosmos 21, 41, and 174, which 
appear to h^ve been Molniya , 1 failures. Four; Molniya 2 have 
been orbited (25 Nov 1971, 19 May, 30 Sep, and 12 Dec 1972). 

The primary characteristic of \he Molniya payloaj^ is its eccen- 
tric orbit. (See Figure 14. ) Both* Molniya 1 and 2 fly an ellip- 
tical orbit that varies from an apogee (the^ point of an orbit 
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most distant from the Earth) tof around 24.000 miles to a peri- 
gee (the point of an prbits closest to Sitth) of 300 to 400 
miles, at an inclination of 64° to 65 The US communications 
satellites are generally geostationary (remaining at a fixed point 
over the Equator). This is accomplished by orbiting the satel- 
lite at the same speed at which th^ earth rotates. The ground 
traces of the Molniyacraft, however, are characterized by a 
slow, tight loop over the\ Northern Hemisphere, produced by its 
slow progress at apogee, and a wide, speedy loop into the South- 
em Hemisphere, produced as it speeds through its perigee (Fig^ 
15). The net effect is maximum exposure of Soviet territory, in- 
cluding, areas out of reach of a geostationary satellite. The Mol- 
niya 2 spends 11 hours, 46 minutes within re^ch of the Soviet 
Uniqn out of every liZ-hour orbit. Bjf. keeping three, Molniya 
satellites in orbit, the Soviet Union has complete and overlap- 
ping 24-hour communication coverage (fig. 16). 

The Meteor series, 1969.-jJn the spring ,of 1969, the"S6viet 
weather satellites were given^ tHe name Meteor (Pig. 17), indi-^ 
eating that the program had shifted from an experimental status 
(under the Cosmos covet name) to an operational one. The Sfo- 
viet Hydrometeorologicaf Service, the counterpart of Ihe US En- 
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FIgor* 16. Organization of roond-th».clock communications coverage. 1— beginning 
of radio comn^ohication i%ii]on, and 2—mnd of session. 

vironmental Science Services Administration (ESSA), assumed 
operational control over the weather satellites during this period. 
This followed the US pattern when NASA > developed the orig- 
inal Tiros meteorological satellites before ESSA assumed oper- 
ational responsibility. 

The Elektron payloads, 1964.— In early 1964, the Soviets 
began another phase of their program. They launched two Elektron 
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JIgur* 17. >Aft«or: Mtttrolo9ical sattllitt. 

payloads at one time. With a relatively low perigee, Elektron 1 
orbited with an apogee of 4,400 miles; Elektron 2 orbited to 
42,000 mileSa,(Fig. 18). Such paired payloads could map radia- 
tion belts and provide synoptic readings.'^ The two were matched 
again six months later by Elektron 3 and 4. Considering their 
size and extensive arrays of solar cells, one cannot help but wdn- 
der whether they had other missions besides mapping radiatioix 
belts. For exanifJe, they were slightly reminiscent of the US; 
Vela nuclear detection series. 

I V 

1 

[ ^ ♦Provide readints over a Broad area at once, such as relative intensity of the radiation 

[ ^ belts. Synoptic phototraphs would be photographs showirtf all of the East Coast or Middle 
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The Limji Prognun 

After the success of the first generation of Luna payloads 
(Luna 1, 2, and 3), the Soviet Union decided to undertake 
a multipurpose Luna program. Such a program would include 
soft landings, lunar orbiters, lunar rovers, and the mechanical 
return of lunar samples. These projects were undertaken in the 
two successive generations of the lunar program. 

The second generation of the Luna Program, 1963-1966.— 
Soviet space officials resumed lunar exploration with a soft land- 
ing program. The first flight in this program came in January 




Figwrt 18, Ettktroo payloadsj (1) Eltktron 1, (R) Ettktron 2. 

31 ^S. 



■A 



40 



IKTmrATIONAL SPACE PR0CRAM$ 

1963. As in the American lunar programs, failure followed fail- 
tire. The January shot and Cosmos 60 (cover name) failed 
to escape earth orbit, while Luna 4, 5, 6, 7, and 8 all missed 
or hard impacted on the moon. 

Finally, in 1966, Luna 9 landed on the surface of the moon 
and returned 27 pictures in two earth days. Later, Luna 13 
(Rg. 19) also returned pictures and took soil samples with a 
spring-driven arm that extended on command. 

Lunar Orbiters. The Soviet space program developed a lunar 
orbiter capability earlier than one was developed in the United 
States program. Months before the first US Lunar Orbiter was 
launched, the Soviet Union followed Luna 9, the lander, with, 
another launch on 31 March 1966. This becanje Luna 10 which 
orbited the moon (Fig, 20). Luna 10 made a variety^of measure- 
ments, but there were no indications that it was intended to take 
pictures. Soon after Luna 10, Luna U was launched; iY'^^o 
made a wide variety of measurements, Fmally, Luna 12 was placed^ 
in orbit around the moon and it returned pictures, some of which 
were released to the press. At the end of 1966, Cosmonaut 
Vladimir Komarov said that the program would be discontinued 
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Bgur* 20. OJogrom showmg th» mf«cHon of Luno-10 Into Ivna orbht I— tht pr6b% 

it oritnf«d oJong th« moon'* v^rticaL 2— th« r«tro*rock«t h fir»d, 3— Ih* rttro- 

rodent U cut off, ond tht lunor »ot»Uft« d«tochti. 4— tH« low*tt point of tK« lunar 

ofbft. 5— th« lunar »at«llit». 6— tS« htgh«»l point of th« lunar orbH. ^ 

in favor of a program which would include an unmanned round 
trip flight to return to Earth with a lunar soil sample. 

The third generation of the Luna Prcxjram, 1968. — ^The 
Soviets continued exploration of the moon, after 16 months of 
inactivity, with the launch of Luna 14 on 7 April 1968. This 
continuation has three major phases, orbiters, return landers, and 
lunar rovers. 

So far, three third generation lunar orbiters have been launched. 
These were Luna 14, 15, and 19. The lunar orbiters have four 
primary missions, study of the lunar gravitational field and the 
relation between masses of the earth and moon, measurement of 
the streams of charged particles emitted by the sun, study of the 
propagation and stability of radio signals transmitted between earth 
and the moon, and collection of more data on the moon's motion 
in space. 

The fjrst of the return landers was Luna 16 (Fig. 21). It 
was followed by Luna 18, which crashed, and Luna 20. The 
fim^ti^n of the lunar landers was to land, drill out a core sample 
of lunar rock and soil, and then return to earth (Fig. 22). The 
samples contained only about three ounces of material, in contrast 
to the several poxmds of rocks and soil samples returned by 
the US Apollo missions. 
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Bgvn 21. Luno )6; lunor (and«r-r«tum« 

The final program goal was the lunar rover. On 17 November 
1970, Luna 17 deposited Lanokhod (Fig. 23), m the moon's 
Sea of Rains. During Lunokhod's 10 months of roving, before 
its isotopic fod used for heating purposes during sub-zero lunar 
nights was depleted, it traveled a total of 24,500 feet. During 
its travels it transmitted more than 20,000 photographs 'and more 
than 200 panoramas of the lunar surface, performed physical- 
mechanical analyses of lunar soil at approximately 500 separate 
locations and chemical analyses at 250 different locations. When 
its heat source was near exhaustion, it was parked on flat ter- 
rain where its French-built laser reflector was directed toward 
the earth for continued experimentation. 
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The Phmctary Program 

The final ariea of unmanned activity^ is the planetary program. 
This program has suffered from a distinct backseat posUion in 
relation to other programs. Perhaps this wiU change as the manned 
program eventually develops m this area of exploration. 

The planetary program consists of interplanetary probes. This 
series has two major characterisUcs. First is the weight lift ca- 
pacity of the Soviet launch vehicles, exhibited by the unmatched 
2,439 pounds of Vcnera 4. Overall, the Soviet planetary program 
has been very ambitious, committing about 11 times, the weight 
of payloads to such missions as the United States. The second 




Figvrt 22. Una 16: R*«ntry copsult. 



characteristic is the consistent failures of support systems. After 
the failure of Venera 3, the Russians had extended their record 
to 17 consecutive failures in 17 attempts. To date, the Soviet 
Mars missions have returned no surface data, (Mars 2 and 3 
are operating m orbit), and only Veneras 7 and 8 were suc- 
cessful m surviving their landings on Venus (Fig. 24, 25). The 
only attention-catching event in the program came on October 
1962, during the Cuban Crisis, when a launch exploded into 
a cloud of debris. As the cloud of debris approached Alaska, 
the BMEWS radar defense picked up what appeared to be a 
mass ICBM attack. 
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THE MAJWED SPACE PROGRAM 

The key to the Soviet program has been the manned space 
program. Tru^ to the spirit of Tsiolkovsky's dream, it has been 
man 'himself who has penetrated beyond the atmosphere to ex- 
plore space. The exploration has, gone through three evolving 
programs: Vostok, Voskhod, an^l Soynz. 

The Voitok Profnun, 1960-1963 

With the experience gained in the Laika flight of 1957 and 
the standard launch vehicle plus the upper stage used for the 
Luna flights, Soviet scientists and engineers had available sev- 
eral of the essentials for manned flights. The Soviet Unidn soon 
announced the beginning of precursor (unmanned test flights) 
m\h the launch of Sputnik 4. It carried an instrumented dummy 
in its passenger cabin. After four days in orijit, the ship assumed 
reentry position. . Qcarly something went wrong; the cabin sep- 
arated and ascended into a hi^er orbit, indicative of the wrong 
attitude at the time of retrofire) in which it lingered for five 
years until its orbit decayed 




Ftgvr* 23. Lvnokhodi Lunar . roYtr. 
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on boardj Strdka and Bdb (Rg. 26). These )vere the first 
living creatures successfully recovered frcm orbit The third flight 
was announced in December, when two mcare dogs were put up. 
Again something went wrong with the recovery phase, and the 
Russians announced that the two dogs Fdidka and Mishka were 
lost as the ship burned on reentty. 

In quick successicm on 9 and 25 Mardi 1961, the Russians 
ran two more dog flights, each with a single dog, Cliemnshka 
and Zvezdochka^ each for a single orbit of the Earth. These 
were successful and were asalogs (exact duplicates) of the first 
manned flight to follow on 12 April 1961. 

Man in space.— After one orbit in Vostok 1 (12 April 1961), 
Yuri Gagarin (Hgs. 27-29) earned his place in history as the first 
man in space and the first man to orbit the earth. The effect 
Was electrifying on world opinion in much the same way that 
Sputnik had seized such complete attention. 

Before John Glenn went up in 1962 (to become the first Amer- 
ican in orbit), the Russians in the summer of ' 1961 had also sent 
up Gthrman S. lltov for a total of 17 orbits. Thus, with Vostok 
2 and John Glenn's Mercury craft (Friendship 7) safely on the 
grotmd, the Russians were far in the lead. TTiey had completed 



Rgort 26, Mka and S»r*lkcH-»h* firtt ontmal cotmonauts to comt bock from tpaf. 
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an impressive 118 orbits (100 unmanned, 18 manned) of suc- 
cessfully controlled flight with the Vostok craft as compared to 
6 (3 unmanned, 3 manned) orbits by the Mercury craft. 

Comparison of Vostok to Mercury. — During the first phase 
of manned flight, the Russians had several advantages because of 
their greater lifting capacity. The US Mercury capsule was Umited 
to 3,000 pounds and was designed for only diree orbits. The 
internal atmosphere was five pounds per square mch (P. S. I.) 
pure oxygen. The Vostok craft weighed over 10,000 pounds, and, 
from the first, carried consumables for a 10-to-i4-day stay in 
orbit, so that if the retrorocket failed to fire, natural decay re- 
sulting from the low orbit would give th^ cosmonaut^ some 
chance of survival. The Soviet craft's internal atmosphere* was a 
normal mix of gases at sea-level pressure (14.7 psi). 

The Vostok spacecraft had other advantages because of its 
greater' size. The cabin was fairly roomy with its eight-foot spher- 
ical interior- The ships from the beginning of the dog flights car- 
ried live television systems so that observers pn earth could view 
conditions during flight, and pictures could be fed into the broad- 
cast network for the public to view. * * 

Vostok paired fughts.-t-TJi^ .Soviet Union^pn^ti and 12 Au- ^ 
pxst 1962 ■mt^ed. ahead ,to a more ambitious phase of the Vos- 
* tok program. One day apart, it launched Vostok* 3 'and so* that 
* , two' men were' in 'orbit at the 'same^time. They Stayed np for 4 
and 3 days, respectively. The secjond launch was timed *so that 
it^'was a direct ascejnt, ne^ rendezvous with the ship already in 
6r6it. At the closest point, they were Only four miles apart, 
' On 14 and 16 July 1963, Soviet space authorities launched 
Vostok 5 and 6 twe days apart; Vostok 6 carried the first woman 
into space. These ships were in orbit for 5 and 3 days, respec- 
tively. It is interesting that the Russians had enough confidence 
in their ship by this time that they would send up a relatively 
untrained woman (a former factory worker) as opposed .to a 
highly trained test pilot. With her 48 oibits Valentina Tercshkova 
(Fig. 30), gained more space time than all six Mejrcury astro- 
nauts combined. 

There was discussion as to whether the Russians intended a* 
closer rendezvous on the 1963 mission. But the data shows con- 



40 



ERIC 




• SaVIET SPACE PROGRAM DEVELOPMEW 

clusiveljirtfiat .the Russians did not intend to complete a rendez- 
vous. Nevertheless, the Russians claimed that the vehicles passed 
withm thrse miles of each other. • 



Polyot P*ylo«ds^ 1963-1964 



thL'i 



jThe most obvious deficiency of the Vostok series was thb -in- 
ability of-the craft to maneuver into a rendezvous. Consequlntly 
t^^id \yhen.the. Polyot (flight) payloads ap- 

In the fall of 1953, the fir^t Polyot pa^^badytas placed l5* orbit. 
.The advertised purpose Was. to add. a maneuver cap^ility which 
had been so evidently lacking-in the* Vostok manned series, and 
which would be necessary for 'rendezvous and docking in sus- 
tained operations. Mahy mo*nths passed before Polye; 2 came -in 
1964 There were some advertised cTianges. in apogee and peri- 
gee for 'both spa*craft, but the 'amount' of plane change (vary- 
ing inclination) was not made 'clear. an(f. probably was not im- 
prcssive. * " . ^ . 




FlQurt 30. Valtntina T.r..hkova-flrit ^oman in ,pac«. 
, I 
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Renewed Manned Flights with Yo^od, 19^1965 

Following the" conclusion *of the Polyot series, precursor flights 
were' resumed under the Cosmos cover. The Russians made a flight 
on 6 October 1964, called Cosmos 47. It stayed up for only one 
day, and its low perigee was typical of manned flights and 
*their precursors. A week later following this success, the Russians ^ 
launched Voskhod 1 (Fig. 31). There was nothing to 'suggest 

that this ship was anythihg more 
' (fian a Vostok with modifications, 
rathet than a whole new genera- 
tion craft. The eight-foot-diam- 
r eter ball cabin of the earlier ship 
.would easily accomodate three 
men side by side, a^ Soviet in- 
terior pictures later revealed. The 
,most .conclusive hint, however, 
is in the name it§elf. Voskhod, 
iif its archaic sense, means the 
sgme thing as •Vostok*, cie; east. ♦ 
The Vokshod 1 flight .stayed 
up -one day, just like its precur- 
sor. , It carried three men — a 
'senior pilot, Komarov, anoaero- 
medical doctor, Ycgorov and, for 
the first tune m the Soviet pro- 
gram,* a civilian scientist, Feok- 
tistov. The flight was interesting 
because, for the first time, a 
physician" could make detailed 
studies bf human beings in. a 
weightless condition in person. 

Despite the vast number ,of 
similarities between Voskhod and 
Vostok flights, there were two 
important differences. Extensive use of the ejection seat ^nd para- 
chutes during recovery was typical pf the Vostok series. In Voskhod, 
the Russians claimed an added capability. The vehicle would make 
a soft landing with the crew on board rather* than have the crew 
parachute before the capsule landed. It. is also interesting to note 
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Flouf* 31. Voskhod launch vehielt. 
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that the Voskhod crew di^ not wear pressure suits. Instead," they ' ' 
Zl ^et ""f ^ design and. as before. tr.Z ■ ' 

earth-hke. atmosphere. Hiough both of thes.e innovations added 
* S y K ' " °^ cosmonauts, their desirability was des- 

' ^it by those who knew Komarov, Dobrovokkiy, 

. Volkov, and Patsayev, cosmonauts who were to die because they did 
not have ejection seats or pressurized suits. This may well have been 
the pomt markmg the end of Russia's initial advantage in booster 
capabih y. After this, the Soviet Union was forced to make weight 
trade-(5ffs io continue its. tompetition with the space program ' " 
^ In pitpanng for Voskhod 2. the Russfens launched CosmoS 57 
as anianalog to.manned flight. It started out routinely, but, shortly 
normal tracking, sensor? discovered a new cloud of debris along 

nLTtu \ ^'"^ ' "° "tanned 

flight followed immediately. Apparently, after a month of investi- 
gation-, the Russians were satisfied that a manned flight could 
be made safely, ^nd they sent up Voskhod 2. This time, there 
were only two men aboard. The weight of the absent cosmonaut 
was traded, off against a collapsible airlock. By this means, Aleksei 
Leonov (Fig. 32) becamd the first man to accomplish extrt- 
vehcubr activity (EVA). He emerged from the capsule through 
the airlock and. for about 20 minutes, was exposed to the vacuum 
of space, including 10 minutes. of floating at the end of a safety 
line. On this flight, the Russians resumed the usq of pressure suits 
, and command pilot Belyayev was equipped so that he could go ^ 
V . ^^ything went wrong, "pis was the last of the 

Voskhod flights. Since it was only an extension of Vostok tech- 
nology, a- long pause followed as the Russians worked » to de- 
velop a new generation of spacecraf-t. 

Proton Payloads, 1965-1969 ' 

....«' 

Again, l^ the interim between manned projects, another short- ' 
term project appe'ared. Throughout Voskhod. weight tradeoffs had 
beeq required. A launch vehicle with greater lift capacity than the 
"A' series booster was no\v needfed. ♦ • 

In response, the Russians announced the Proton flights. These 
were four duplicate cosmic^ ray experiments. The Russians were " 
do^ng something wp^thwhile. but almost fo a point of apparent ' 
redundancy. Thte Proton payload ^(Fig. 33) with its huge blocks 

ft ^ ? • 
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of paraffin, metal, and special sensors, was able to measure ener- 
gies to a level of 100 trillion electron volts. These were some of 
the highest energy fluxes ever detected by human instruments. The 
real mission of the series, however, was not cosmic ray measure- 
ment. Proton ^payloads were used to test the Series D launch 
vehicle, allowing it to be rated to carry loads far in excess of the 
Series A. This justified the redundancy and made the series, a 
success. 




Rgur* 32. Altxl Uonov, th« first man to walk Into spoet. 
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Flflurt 33. Proton 4-th« world'* \arg%$\ automatic orbital laboratory. 
Retuni to Manned Spaceflight with Soyuz^ 

With the US sights set on a unUateral goal of a manned moon 
landing, the Soviet Union embarked on what appears to have 
been a dual program of a manned moon landing and an orbital 
space station using Soyuz spacecraft (Fig. 34). As time passed, the 
American lunar program lead increased, and the Soviets appea% 
further and further behind. To many, this was a sign of weakne^ 
in the Soviet program untU one stopped and realized two im- 
portant facts. Fkst, the Soviets have the capability of placing a 
man on the Moon, our advantage is that we can carry enough 
propeUant to bring him back. Should the D-I vehicle be man- 

45 



ERIC 



54 





BQvr* Z4, Soyvz Paylo<^ In iongr^nd, Soyuz lounch VflhIcU with poylood 
cgtoch*d in bodcground« 



rated, this problem will be 'overcome. Second, outside of lunar 
exploration, the continuation of*our manned space program will 
' probably Yequire an orbiting space stationt On this count, ^ the 
Soviet Union is not behind. If the same vehicles are used for 
both the ofSiting space station and the manned lunar program, it 
would be^ consistent with"* the carefully planned economy char- 
acteristic pf^the Soviet program. This is the same economy that 
has kept the ISpviets even with, or ahead of> the United States in 
most other spa^e ventures. 

Soruz 1 — life DEATH OF KoMAROV. — The Soviet program and 
safety record been unblemished until the Soyuz program. The 
first Soviet death was recorded when Col Vladimir Komarov (Fig 
35), after completing a successful test flights in Soyuz I, had para- 



(a 
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chute difficulties and died when the absence of an ejection seat 
left him trapped in the crippled craft. 

The flight of Soyuz 2 and 3 was, fonunately, much less event- 
ful* Soyuz 2 was launched pilotless and Cosmonaut Beregovoi took 
Soyuz 3 aloft for rendezvous maneuvers. He rendezvoused twice 
with the Soyuz 2 craft before making a safe reentry. 

The next feat of the Soyuz was a space transfer of cosmonauts 
from one craft to the other (Fig. 36). To accomplish this mis- 
sion, Soyuz 4 was sent aloft with only the s^'s commander, 
Shatalov, and was followed by Soyuz 5 carrying cosmonauts 
Volynov, Yellseyev, and Khrunov. After inflight rendezvous and 
docking, Yeliseyev and Khnmov (Fig. 37) transferred to the 
Soyuz 4 craft to perform a few selected experiments, and then 
descended to earth on board Soyuz 4.. This mission was the world's 
first space docking and the world's first inflight crew transfer. 




Rgur* 35. Col Viodlmir IComorov. 
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Bgur* 36, DJogrom of 5oyux Cr«w tranifir. 



Following the success of Soyuz 4 and 5, Soyuz 6, 7, and 8 were 
launched At various intervals, these three crews (Fig. 38) flew in 
tight formation, but the mission appeared a failure because no 
ddcldng maneuvers were performed They did, however, perform 
the first outer space welding operation, proving that such opera- 
tions were possible in a weightless vacuum. 

'Confident of the ability of the Soyuz craft, the Russia set 
out to siirpass the space endurance record held by American 
astronauts Borman and Lovell (Gemini 7, 14 days). Soyuz 9 
was launched 1 June 1970 and remained in orbit for a record 18 
days. 

Finally, the Soviets were rtidy to begin the real mission of the 
Soyuz series: rendezvous and docking with an orbiting space 
station, the fint step to the moon and planets (Fig. 39). First, 
Salyitt 1, the space station (Figs. 40 and 41), was put m orbit 
Second, Soyuz 10 was Euhc^ed to test rendezvous maneuvers. 
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Third, Soyuz 11 completed rendezvous and docking, and the crew 
transferred to Salyut 1 where they performed the first scientific 
experiments ib a manned orbiting space station. After complet- 
ing tiieir work, die cosmonauts reentered die Soyuz 11 craft and 
prepared for their long journey hpme. The Soviets again broke 
the endurance record (24 days). As they began reentry opera- 
tions, tiiere was a sudden depressurization of die spac«:raft 
and cosmonauts Dobrovolsldy, Volkov, and Patsayev, trapped 
without pressure suits, were killed instandy. On this tragic note, 
the Soyuz operations were suspended, and the program was 
tucked beneath the Cosmos cover for extensive unmanned test^ 
ing. Since tiicn, the Soviets have announced their intentions to 
continue witii manned flight, but, through FY 1972, diey have 
not resumed 




Fiflur* 37. Soyuz Cosmonovt IChnmov w)>o p«rform*d EVA trontftr from Soyux 5 

to Soyuz 4, 
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Rgort 33. cf«wj of Soywz 6, 7, and 8. Standing (l-rr)t Victor Gorbotko, 
Anatoly FiHpc^tnko, Vlodiilov Volkov. Sitting (l-r) Voltry ICwbafOv, Gtorgy Shonin, 
^ Voldimir Shortalov, and Al«x«y YtliM/tv. 

Zond Flints, 1961 • ^ 

In the same manner that unmanned activities progressed from 
near-earth to lunar to planetary, the Zond scries hints that the 
manned program is designed to "do the same (Fig. 42). How- 
ever, in its decade of existence,' 21ond has not advanced beyond 
the precursor level. 

Although Western observers had expected Russians to be the 
first to circle the Moon, various troubles delayed the program. 
Zond 5 (Fig. 43), 6, 7, and 8 have all been identified as manned 
precursors and have returned to Earth after flying around the 
Moon. These ships seem to be an adaptation of the Soyuz with- 
out its work compartment, and they are launched by the D-l-e 
vehicle. A lifting reentry used for some passages through the atr 
mosphere has enabled them to cut the G»loa(L.and^^e intensity, if* 
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not 'the* duration, of the heating. Some of these flights have carried 
biological experiments, and some have returned high quality pic- 
tures, including color pictures of the Moon and Earth. The pres- 
sure to extend the Zond program to manned flight has been eased 
by the greater Apollo successes. 

SOVIET MILITARY SPACE ACTIVITIES 

The final area of the Soviet space program is military space, ac- 
tivities. Although many "civilian" projects have had strong mili- 
tary overtones (Cosmos, Elektron), there has also been a dis- 
tinctive military program that has ^own consistent development. 
As pomted out in Chapter 1, the series A, B, C, and F launch ve- 
hicles are converted military ICBMs (Fig. 44). 

The Soviet Union claims each individual space flight to be 
sqentific m character, and, in the early years, many charges of 
aggressive military mtent were made against the United States 




Figur* 39. Artist's conc«ptidn, of Soyuz/Salyut docking in spact. 
« 
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space program. As Soviet military space capabilities have grown 
in^^quantity, variety, and operational effectiveness, such charges 
against the United States have largely been muted. A certain ac- 
commodation bet\veen the nations" has been tacitly developed in 
this regard. 

Although no^spaqe flights can be designated in the categories, 
of weather reporting or communications, it would be strange if 
there were not Soviet, military customers for services provided by 
the Meteor and Molniya sateUites. Command and control systems 
are very important in ^ age of therthoriuclear weapons, therefore, 
.it is safe to assume that some spacecraft supplement such systems' 
and that these ^ hidden within the total complex of programs in 
the interest of back-up support and security. 

&tellite systen^ in support of navigation, traffic control, geo- 
desy, and mapping eitter are known io> eitist or are under dis- 
cussion in Soviet litefa|ure as important emerging uses. These 
are not specifically labele* as military, nor are individual Sights 
^ admitted ^when they occur. Yet, a satelUte navigation system is 
?ilmost certainly an operational military support system. Traffic 
control may be xoming later, deodesy' undoubtedly . has been 
undertaken, to develop the dat^ b^se for missile targeting, and 
mapping probably has been done in some instances. 

Military ^observation satellites, discussed previously in the Cos- 
mos prograip., are the largest^ single elements in Soviet space op- 
erations. 'Photographic recovgrable missions fly throughout mifcji 
of the year ^ith virtually cOhtinuous coVbrage. Infrared and nu- 
clear detectiorf missioils may Ije hidden " within purportedly scien- 
tific programs. A variety of electronic ferreting missions almost 
.certainly are flown as a part of the large number of repetitive 
non-recoverabJe flights that do not have specified purposes. 

Apparently, fractional orbit bombardment satellites (FOBS) 
(Fig. 45) as a system are operational, and some of the 3S-9 
silos may carry Ft)BS payloads (F-l-r) in place of ICBM war- 
heads. After an intensive flight development program, the few 
flights that^now continue probably represent troop training. 

There* is no indication that any FOBS has carried an actual 
nuclear warhead during the development or training period. Nor 
has any such dummy warhead crossed the United States. FOBS 
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Rflur* 45. FOIS. 

tests are rctro-fircd over the 'Soviet Union just short of one 
orbit, which avoids passage over the United States. 

Although most US analysts doubt the cost-^effcctivcn^ss of 
FOBS, undoubtedly, their presence in the Soviet inventory com- 
plicates US planning. They can come the long wSy around or 
fly by a direct route with a depressed trajectory, tending to re- 
duce early warning. But n^w US sensors may decrease this ad- 
vantage. Also, FOBS payloads are reduced in wdght compared 
to the SS-9 as an ICBM, and 'accuracy could be sacrificed. 

The same F-class launch vehicle, which puts up FOBlS, also 
is used to launch satellites qapable of making a close pass near 
other (uncooperative) satellites. Such passes are presumably for 
purposes o£ inspection, and potentially for the destruction of 
the target satellite. Several flight modes have been used (Fig. 46), 
with most of the inspj^ctor satellites being destroyed after the pass. 

The potential threat of satellites such as these is to deny the 
use of space to other nations. There is no sign at this point that 
such a threat will soon exist. , 

"Some, other maneuverable payloads put up by the F-dass 
launch vehicle probably serve other militajy pru^oses that iiave 
not yet been defined by Western analysts. The uses may go be- 
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yond the kind of military support fUghts of a passive nature which 
■ ma^e up all US military space flights and the bulk of Soviet 
m^tary space flights as weU. It would be premature to leap to 
•alarnung, conclusions about these obscure flights, but, with their 
mflirect weapons associations, they' bpAr. special watching if more 
occur. Jl would be entirely unwarranted to conclude that there is 
already a violation of the treaty that bans the orbiting of weapons 
^ of miss destruction. 

CONCLUSION 

Most Americans Ve amazed after they have discovered the 
total complexity of the Soviet space program. Far from cheap 
pubUcity shots and selected military missions, the Soviet space 
program parallels the US program in sequence, mission, and ac- 
complishment,' with the one exception of the ApoUo-Soyuz 
split in mission direction. 




• «Bur» A6, Co-orbit Satellite Inttrcaption T«ehnlqUM. 
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Beyond a competitive comparison, a few additional facts arc of 
interest. First, we have never lost an astronaut in reentry. Second, 
the Soviets have never lost a cosmonaut in take-off. Third, we 
have both been highly redundant by pursuing separate programs 
directed toward the same mission goals. Perhaps the future pro- 
gram will be a cooperative US/ USSR space effort that is safer, 
cheaper, and more effective than the individual programs of the 
past. 

WORDS, PHRASES, AND NAMES TO REMEMBER 

International Geophysical Year 
* Laika (LIGH-kuh) 
•natural decay 
Luniks 

artificial planetoid 

Cosmos 

Cosmos cover 

Molniya (MOHL-nee-yuh) 

geostationary 

Meteor 

Elektron 

synoptic readings 

Vladimir Kom^rov (vluh-DEE-mir kah-mah-ROFF) 
Lunokhod Ooo-nah-HOTE) 
isotopic fuel 
laser reflector 

Venera (vi-NYEH-nih) A 
Vostok. (vah-STAWK) 
Voskhod (vahss-HOTE) 
Soyuz (sah-YOOS) 
Strelka (STRELL-kuh) 
Belka (BYELL-kuh) 
Pchelka (PCHELL-kuh) 
Mushka (MOOSH-kuh) 
Chemushka (TCHOR-noosh-kuh) 
Zvezdochka (ZVYOZ-dutch-kuh) 
' analogs 

Gehrman S. Titov (GEHR-mun S. tee-TOFF) ^ 
Valentma Tereshkova (vuh-lin-TEE-nuh ti-rish-KC)-vuh)\ 
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Polyot (pahl-YOTE) 

Komarov (Kah-mah-ROFF) 

Yegorov (YEH-gah-ruff) 

Feoktistov (fch-YOHK-ti-stuff) 

Dobrovolskiy (duh-brah-VAWL-skee) 

Volkov (VAWL-kufO 

Patsayev (putt-SAH-yeff) 

Aleksei Leonov (ah-lek-SAY leh-YOH-nuff) 

extravehicular activity 

Belyayev (byell-YAH-yeff) 

Proton 

Beregovoi (bi-ri-gah-VOY) 
Shatalov (shah-TAH-lufO 
Volynov (vah-LEE-nuff) 
Yeliseyev (yell-yee-SAY-eff) 
Khrunov (hroo-NOFF) 
Salyut (sahl-YOOT) 
Zond (ZAWNT) 

QUESTIONS 

1. List 10 important "fhsts-In -space" scored by the Sibvlet Union. 

2. The Cosmos series of Soviet satellites has yielded over 500 satellite 
launchings. What are the general goals of Cosmos satellites? ^ 

3. Name the three near earth programs that are not under the "Cosmos 
cover.** 

4. Outlbie the development of the Liina program. Be sure to biclude launches, 
missions, and accomplishments,' 

5. What are the names df the Soviet Union's manned space flight programs 
to date? 

6. List five cosmonauts and identify the program(s) hi which they partici- 
pated. / 

7. What is "Zondr 

8. List five mission goals of the Sovi^^ military space program? 

9. What is FOBS? ^ 

THINGS TO DO 

1. Using styrofcam, wire, cardboatd,^ and any other materials available at- 
tempt to fashion models of Soviet ^telli^es and space craft. Use them in 
class discussions or simply to add to the atmosphere of the classroom. 
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•2. Since there arc far lcx> many Cosmos launches for this text to deal with 
individuaT flights, make a chart pf the general goals listed in the chapter. 
Under jrach goal, place the number of all Cosmos launches you feel may 
fall jo thai category. This can be done by considering such Tacts as 
laia^h sites, launch vehicles, inclination, number of orbits, and even the 
ntmiber of payloads in the launch. Consulf Appendix A for this mforma- 
tion. 

3. Report to tho class any new mformation that you may discover in the 
news about new Soviet space launches. Give particular attention to such 
things as programs emerging from beneath the "Cosmos cover,** new 
generations of the Luna program, and new developments in manned 
space flight. 

4. Report to the class the sigmficance of any of the **firsts-in-space** ac- 
complished by the Soviets. Include the designation of the spacecraft in- 
volved, and such facts as launch site, launch vehicles, inclination, number 
of orbits, and the current status of, the vehicle. If the "first"" involved 
man, report on who was.envolvcd. Consult both appendixes A and B 
and any other source available for this information. 
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POLincXtXGOALS AND PURPOSES OF THE LSSR IN SPACE 



Space triumphs have been used to glorify the Communist Party 
ana^Hh^^^viet state. Soviet officials have attributed space suc- 
cesses to tBe'-effectiyeness of the Soviet system. The foundations 
of the space pro^afirMve been traced to Lenin and Marxist- 
Leninism Pride in *space accomplishments has raised citizen mo- 
rale, and the resulting prestige of space successes has been ex- 
ploited for political value. 
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The Soviet leadership has made public its commitment to the 
space program in ceremonies for returned cosmonauts, monuments 
to spaqe heroes (Fig. 47) and Cosmonautics Day (12 April). 
The Soviet Government appeals to the Soviet public for support 
of the space program by boasting of its significance and its 
practical applications. ^ — . 

Space activities have been used \f an effort to tarnish the 
US image and to weaken die Western alliances. Space has also 
been used to strengthen the Soviets own bloc alliances through 
Intmputnik and Intercosmos, Cosmonauts not only build good 
will on foreign tours but acdvely take positions on current poll- 
tical issues, such as Vietnam and Cuba. 

Although the Soviets have used their successes in space ex- 
ploration for propaganda purposes, they disavow a space race, 
while emphasizing their many space firsts. This same contradic- 
tory position exists m the United States. Both the US and Soviet 
programs have reached the point of accomplishment, where both 
countries can take pride m their own successes while graciously 
recognizing the accomplishments of the rival state, Thus, cooper- 
ative programs should not be taken as a sign of decreasing riv- 

ORGANIZATION OF THE SOVIET SPACE PROGRAM 

It is difficult to obtain detailed information on tiie organiza- 
tion of the Soviet space program, and only through mfercnccs 
drawn from known policies can the bits and pieces be put to- 
gether. 

Space polic) decisions are made by the Communist Party, the 
Government, and the legislature, with ratification oy the Presi- 
dium of tile Supreme Court. The execution of policy is handled 
through tiie Council of Mmisters (see Fig. 48). A CoUc^om 
(supervisory committee) suppUes policy guidance from senior of- 
ficials to tile principal ministep, and a Scientific-Technical. Council 
of senior scientists and engineers serves the Council of Ministers 
as consultants. 

The USSR Academy of Sciences is responsible for tiie non- 
miUtary space program. In tiiis role it reports directiy to the Coun- 
cil of Ministers as a coequal with the various ministries. It has 15 
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subject matter divisions, but it does not include one to deal with 
space. This omission is corrected by the existence of a high-level 
Commission on the Exploration and Use of Outer Space, which 
is delegated the authority to operate the i^onmiliiary Soviet space 
program. 

The Defense Minister is responsible for the conduct of the 
large military portion of the space program and for the direction 
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Figura 4t. Organization of ih* Soviet Spoc* Program. 
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of the industrial ministers (called the Machine Building Industry), 
which build much of the hardware, mcluding the launch vehicles. 
It is also responsible through the Strategic Rocket Troops, a 
division of the Red Army, for providing launch services. The train- 
ing of cosmonauts is conducted with the help of the Soviet Air 
Force. 

In short, there is no single Soviet agency equivalent to NASA. 
Instead, there is a mfetwork of coordinating and interlockmg bodies 
perfonjiing the worfc, of policy making, manufacture, and opera- 
tions. The only organization remotely similar to NASA is the spe- 
cial Commission on the Exploration and^. Use of Outer Space in 
the Soviet Academy of Sciences. This group is accorded broad 
policy making powers for nonmilitary programs, but even this 
commission is reduced to the role of liaison between other or- 
ganizations in the military programs. Although the highest level 
bodies — Central Committee, Council of Ministers, and Supreme 
Soviet — have sections or committees that can deal decisively at 
high levels with space matters, no single branch of government 
has complete control. 

RESOURCE ALLOCATION AND THE SOVIET SPACE PROGRAM 

It is difficult to determine how much the Soviets spend on 
space research and operations because they have never announced 
a budget. This is consistent with similar secrecy surrounding na- 
tional defense, atomic energy, computer development, and avia- 
tion. Space program financing is so subdivided that no single 
estimate would encompass the whole program. 

The Soviet gross national product (GNP), an mdex showing 
the strength of the economy, has for some years remained some- 
what less than half that of the United States GNP. Although al- 
locations for consumer goods have made gains, they have not 
gained as much as allocations to capital expenditures (business 
expansion) and defense. Rising cpnsumer expectations — the peo- 
ples' demands for things like ball-pomt pens, sliced bread, and 
hot running water — and rising national needs have created some 
strains in the economy, which is not growing as fast as it grew 
in earlier post-war years (1947-1957). The Machine Building 
Industry has enjoyed a fairly high priority, but it is not pbjsiWe 
to undover the numbers for special fields, which are given secret" 
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treatment. Although a defense budget is published, it is not re- 
garded as meaningful. 

At its peak, the space program of the United States spent 
about one percent of the US Gh^P on the Combified NASA- 
DOD space effort. Today, it spends less than one-half of one 
percent. An examination of the total dimensions of the present 
Soviet space program, which is rumung at a level of hardware 
employment in excess of the US program at its previous peak, 
suggests that over two percent of the Soviet GNP is devoted 
to space today. 

All of these estimates are so filled with guesses that attempts^ 
to quote precise figures are less meaningful than recognizing the 
reality of the massive commitment which the Soviet Government 
has undertaken in space. It is dcvotmg three to four times the 
percentage of resources to space exploration that the United 
States is spending at present. Even more unportant, the Soviets 
are exceeding the largest 'annual expenditures of the US space 
program. If money spent has any effect on progress, the Soviet 
commitment to space exploration should carry them back into the 
lead in the space race. 

SOVIET INTERNATIONAL INVOLVEMENT 

This section deals with the Soviet effort to develop international 
space cooperation. Although these efforts are primarily extensions 
of the Soviet space program, some of them are aimed at unique 
goals and feature genuine Cooperative effort. 

Soviet Attitude 

The Russians in principle, have professed to be strong sup- 
porters of international space cooperation. Chairman Leonid Brezh* 
nev, in November 1968, said: "Outer space must be an arena 
of scientifi(!r-Tcsearc|i, of international cooperation, and not an 
arena of hostile clashes." A year later, in celebrating the success- 
ful flight of Soyuz 6, 7, and 8, he repeated the Soviet commitment 
to the principle of /space .cooperation: "We are supporters of in- " 
temational coUabcption in the study of outer space." 

Even cosmonauis have supported the principle of cooperation. 
Aleksci Leonov, me first man to walk in space, believes' that in- 
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teipational cooperation is imperative for the overall development 
of space science and that the Soviet Union is an enthusiastic 
promoter of such cooperation. 



Beginning of space cooperation.— The Soviet Union has es- 
tablished a program of space cooperation with its East European 
allies. The total Soviet control over Eastern Europe has allowed 
the Soviets to structure this program and define the limits of co- 
operation according to. their own purpose. 

Since 1965, Soviet bloc space scientists have become increas- 
ingly concerned with two items. First, they are concerned with 
practical problems of space exploration. Second, they have sought 
a cooperative arrangement enabling each country to contribute 
to joint projects according to its scientific and technical potential 
and . resources. Attention has focused mainly , in such areas ab 
physics, meteorology, communications, biology, and medicine. 

In November 1965, representatives from the socialist states met 
to discuss the problems of formal arrangements for space cooper- 
ation. The Soviet Union proposed that this be accomplished 
through joint experiments, using Soviet satellites and research rock- 
ets. Not long after, an agreement on cooperation was reached, 
probably stipulating that the sociahst countries would provide 
hardware for use in Soviet launches. 

Expanding cooperation in space research. — Between 1966 
and 1969 Soviet bloc space cooperation expanded. During 5-13 
April 1967, scientists from the Soviet Union, Bulgaria, Hungary, 
East Germany, Cuba, Mongolia, Poland, Rumania, and Czechos- 
lovakia conferred in Moscow on ways to expand cooperation in 
space research and on peaceful uses of outer space. A program 
for joint satellite and rocket launchings was worked out. The So- 
viet Union also invited the other countries to install their scien- 
tific devices in satellites launched under the Soviet national pro- 
gram. (These events are sometimes called the Intercosmos Program 
because they are the basis for launching the Intercosmos satellite 
series in late 1968.) 

In December 1967, Cuba and the Soviet Union reached an 
agreement under which the Soviet Union would construct a com- 
munications station in Cuba linking the island with Moscow via 
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earth satellites. Dr. Pctrov of the Soviet Academy of Sciences, 
referred to this arrangement as a cosmic communications bridge 
connecting Moscow with Cuba. Soviet and Cuban specialists were 
to build and service this station. (This unilateral agreement was a 
forerunner to the Intersputnik Program.) 

In June 1968, scientists and specialists from Bulgaria, Hungary, 
East Germany, Mongolia, Poland, Rumania, the Soviet Union, and 
Czechoslovakia again met in Moscow and conferred on the matter 
of cooperation in space research. Their primary concern, as a 
working group, was space physics. 

Proposal for Intersputnik. — The Vienna Conference on the 
Peaceful Uses of Outer Space, sponsored by the United Nations 
in August 1968, provided, the occasion for the Russians to make 
their proposal for a global conmiunications satellite called "Inter- 
sputnik." The new system .was presented as an alternative system 
to the American-sponsored INTELSAT. The Soviet appeal was 
designed to attract the attention of both the developing and ad- 
vanced countries. According to Dr Thomas Paine, Director of 
NASA, Intersputnik was designed *to rival and embarrass INTEL- * 
SAT," but, two years after its announcement, it had attracted 
only such close Soviet political associates as the United Arab 
Republic, Cuba, and the East European bloc nations. 

Though Interspuljiik may have failed in its political purposes, 
it still stands as a potential rival organization to INTELSAT 
in the field of international communications. Given the great po- 
tential for satellite communications systems Intersputnik could have 
worldwide foreign policy implications, especially in the develop- 
mg countries of the world, by offering both an alternative com- 
munications system (to INTELSAT) and a plug for Soviet prop- 
aganda channels. ^--^^ 

Success with Intercosmos. — Soviet failures with Intersputnik 
werQ compensated by the success of intra-bloc cooperation in 
Cosmos 261 and the Intercosmos series (Fig 49). Perhaps the 
most significant experiment carried oil by the Soviet bloc by the 
end of 1968 was the launch of Cosmos 261 on December 20. 
Scientific research institutes and observatories in Bulgaria, Hun- 
gary, East Germany, Poland, Rumania, the Soviet' Union, and 
Czechoslovakia took part in this experiment designed "to study 
geoactive corpuscles, electrons, and protons that are the causes of. 
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the northern lights, electronics of • super-thermal energy, ' and 
changes m the density of the upper layers of the earth's atmos- 
. phere during the northern lights.*' , 

The experiment with Cosmos 261 was followed by the Inter- 
cdsmos series, the high pomt in the* development of the intra- 
• bloc space cooperation during the past few years. Reports from 
the Soviet Union and Eastern Europe ^record such cooperative 
ventures as the launching of Intercosmos 1 m October 1969, 
Intercosmos 2 in December 1969, Intercosmt)s 3 in August WTO, 
Intercosmos 4 in October 1970, Intercosmos 5,^m December 1971, 
- and, fmally, Intercosipos 6, 7, and 8 between April and November 
1972. Scientific equipment from the participating East European 
states was used in these experiments, and all countries took part 
in carrying out observations and collecting data.. 

In connection with the Intercosmos prograip, Bulgaria, Hun- 
gary, East Germany, Poland, Rumahia, the Soviet Union, and 
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Czechoslovakia are carrying out a coordinated program of 
radioastronomic, isopheric, and optical ^ observations. 

During these launchings, the state flags ol all participating 
countries were flown over the cosmc^ome. • * , 

Programs with Free World Countriea , < 

In the early , years of space • exploration, Soviet- secrecy and 
space rivalry limited the epportunities for, space Cooperation; 
But gradually, a more conciliatory environment has developed 
with a series of limited agreements between tl& United States 
and the Soviet Union, between France ^and the Soviet Union, 
and with Inore active Soviet*^ participation in United Nations tech- 
nical and legal^organizations. ' * 

XJS/USSR coopekative efforts.— In its official pronounce- 
ments," the Soviet Union has* been committed to a pqjicy of in- 
ternational dDoperation with the United Stfites. Individual Soviet 
• scientists haye been reasonably open in sharing the results of their 
experiments with their American counterparts when meetings ar^ 
allowed. The United States has made cooperative agreements with 
97 natidjis and has consistently pressed to, extend such coopera- 
tive opportunities' to the Soviet Uiiion. ^ ' * 

Early negotiations between the United States* and the ^ Soviet' 
Union have resulted in a wide selection of'propoaals but I no^ op- 
erational programs. Even US/ USSR experimental programs have 
produced few constructive results. One such program was tHe "cold 
line" for exchanging weather data from satellites between Suit- 
land, Maryland and Moscow. However, the data quality and 
timeliness have been disappointfng. Also> little useful information 
has resulted from the agreement to exchange magnetic field maps 
Likewise, the effort to establish a joint passive communications 
experiment using Echo 2 ^was of little value. Similar results have 
been derived from efforts to standardize spacecraft sterilization, 
establish joint exploration of the Moon and planets, and create 
a "hot Ime" using conununications satellites instead of ground 
communications. 

At* least, this was the story untU 1971-1972. NASA's inter- 
national activities during 1971 were marked by expanded dis- 
cussions with the Soviet Union on a variety of possible cooper- 
ative undertakings and a broad range of joint activities (Fig. 
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50). Meetings in October 1970 and January I9ll produced an 
agreement on -the exchange of lui\^r surf ace . samples and speci- 
fied a number of ^ addition^ cooperative exchanges and arrange- 
ments to-be the subject of* detailed recommendations by joint 
wording groups. These were:' * . 

• «joint consideration and exchange of information regarding 
the ^ objectives and results * of spac^ -.research by each side 
so that the other can use sucK research to- the* 'extent de- 
sired. ^. , ^ . '''^ ' 

• substantial improvemerU 'ef existing satellite weather data 
^ exchanges. 

• Coordinated stfidies by space an^^^nventional means of 
ocean and vegetation^ surveys in agreed areas, and 
significantly expanded exchange of data on space biology 
and medicine. 




PHOTO CREDIT-NASA or National Atronautkt and Spac««Administration 

Figor. 50. RUSSIAN SCIEh/tlST AT MSC-Rossian Academician AUxand«r Vinogradov, 
l»ft, •xaminvs a lonev rock collected on th« Apollo 12 mission, during a visit to 
Houston and th» Manned Spacecraft Center. Assisting the visitor is "Dr. Michael B. 
Duke, center, curator in the Lunar and Earth Sciehcer Division of the Science and 
Applications Directorate at MSG. Dr. Robert R. Gilruth, MSC Director, is at right. 
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In September 1971, a joint US/ USSR Editorial Board met 
to prepare and publish a joint review of space biology and med- 
icine. The Joint Board reviewed the chapter materials already 
exchanged and selected authors to prepare the agreed upon 
selections of the review. 

Three joint working groups, appointed to carry out the 
October 1970 agreement on compatible rendezvous and dock- 
ing, met in June (1971) in Houston and in Npvember and De- 
cember in Moscow to detail the technical requirements. In addi- 
tion,' NASA and the Soviet Academy are considering the technical 
and economic implications of possible missions to flight-test the 
compatibility of US/ Soviet systems. 

The crowning action came during the space agreements signed 
during President Nixon's 1972 visit to Moscow (see Appendix 
' E). While warming up for the arms limitations agreeme|its, the 
President and Premier Aleksei Kosygin agreed to an inflight ren- 
dezvous and docking between an Apollo spacecraft and a Salyut 
space station. Astronauts and cosmonauts have already begun 
studies to overcome the barriers of communication and equip- 
ment differences. 

Cooperation with France. — Faster progress has been made 
between the Soviet Union and France than between the United 
States and the Soviet Union. Color television tests have been 
made a number of times between the two nations, using Mol- 
niyia 1 satellites. In the past, both Presidents DeGaulle^and Pom- 
pidou were taken to Tyuratam to pbserve space launphings. A 
• French laser reflector (Fig. 51) was carried to the Moon by Luna 
17, and scientists ih both countries have reflected signals through 
it. 

Although one program to launch a French satellite Roseau 
on a Soviet rocket was dropped for reasons of expense, Oreol 
I was launched in December 1971, and a series of new launch- 
ings, some independent and some French piggybacks (Fig. 52) 
on Soviet payloads, have been negotiated for the years immed- 
iately ahead. Both countries seem reasonably pleased with the 
progress to date. 

Although, on the surface it appears that France has been 
involved in little cooperative activity with the Soviet Union, es- 
peciaUy in relation to US/ USSR agreements, two points should 
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Figurt 51. Fr»hch loser reflector on lunkhod. 



be remembered. First, France was welcomed into cooperation 
ahead of the United States. Second, France has actually par- 
ticipated in joint exploration,, a level of activity not yet alloVired 
the United States. As a result, Fnench feelings of progress can 
be justified. ^ " ° 

<^ 

PROJECTIONS OF SOVIET SPSCE PLANS 

Soviet spokesmen comment constantly upon fixture Soviet space- 
plans, usually without specific timetabl|^. Even though so much 
is predicted, the Soviets must bfe selective, among these many 
goals. Therefore, the real task of observers'^ is to estimate their 
intentions rather than tjieir broad technical capabilities. This taskr. 
is an 'interesting reversal from the "missile gap" theories that US 
politicians were advocating only 10-years ago, when the cry was 
to ignore intentions and respond to capabilities. 

Coming trends in the Soviet space program may be estimated 
from the clue^ of precursor flights, subsystems development, 
and the phrasing of Soviet public predictions. However the best 
estimates of the future may fail to materialize if external forces 
intervene or if Soviet policies are changed. 
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FtQUr* 5Z SKET: Fr«ndi-bvih piggybock croft. 




General Technical Capability 



^The Soviet Union has built a complex of industry, experience, 
and manpower capable of supporting indefinite!) its present high 
level of space flights and there is no reason to assume that the 
Soviets have an> plans for reduction. Jlie political claims made 
by Soviet leaders and the billions invested in space hardware 
A guarantee a strong commitment to space. Each year thus far 

has seen greater activity than the year before. The existing launch 
ve()icle system will ^|u?ort an ambitious program. There is a 
strong likelihood of aHyessful scries G craft, the ,use of high 
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energy fuels, the use of nuclear propulsion systems, and the 
development of reusable shutUe vehicles operated between earth 
and permanent orbiting stations. 




Unmanned Space Flight 

Earth orbital science.— Statistical tables in the Appendix show 
fairly consistent Soviet application of hardware to work related to 
scientific goals in earth orbit. Much of this work is concerned 
with minor details and the quality of other finds has been ques- 
tioned by US scientists. However, from what the Soviets have 
said, they will continue to see a place for more work refining 
their understanding of natural laws. Many of these fUghts will 
continue with unmanned craft of modest size. 

The first decade of space exploration found only NASA with 
an extensive program of international cooperation in the space 
sciences. The Soviet Union now is expanding its cooperative ef- 
forts m this regard, principally through the Intercosmos series 
and the Soviet bloc participants and by working with the French. 

QviL APPLICATIONS.— The Soviet Union was a latecomer to prac- 
tical application flights compared with the United States. But 
Soviet concepts for civil application flights have been fairly im- 
aginative and ambitious, especially in such areas as communica- 
tions and weather. Based'tJn their past record of achievement we 
should expect over th^ next several years distinct improvements 
and extensions of such activities. 

Thus far, the Soviets have moved toward increased global 
coverage with weather and communications satellites and, prob- 
ably, more navigation satellites. With increased coverage have come 
increases m the life and reliability of such Soviet equipment. Sev- 
eral of the systems have been moved from experimental to op- 
erational status. 

Military applications. — Since the largest single Soviet space 
program component is military, there is every reason to expect 
that this largely unpublicized area will continue to enjoy strong 
support This should be tru^ without regard to the Strategic Arms 
Limitation Treaty (SALT) talks, although the new treaty arrange- 
ments may alter the product mix of hardware for military space 
flight. For example, an agreement to lijnit ICBM deployment 
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could result in additional FOBS placement or improvement of in- 
terceptor destruct satellite capabilities. 

Because of the high priority accorded by the Soviets to photo- 
graphic observation £rom space, recoverable payloads, and the 
development of more versatile payloads, this work should continue 
to progress. By now, there seems a reluctant acceptance that ob- 
scrvaUon flights are important to both sides in avoiding tactical, 
as well as strate^c surprise, and in policing any arms agreements 
that may exist. Photographic observation flights may reduce overall 
military expenditures. Military planners would be able to reduce 
defense spending by producing more reliable information on the 
force deployment aad the construction work of their military rivals 

The few fads available suggest that the Soviets are having 
some success with electronic ferreting flights (see chapter 2) 
involving communications, radar, and other electromagnetic signals 
The number of flights that may carry out such collection is fairly 
large, indicating that the work is important to the Soviets Ulti- 
mately, as observation satellites increase in number and com- 
plexity, one must assume that the world wiU be increasingly an 
open book to the Russians and to other nations. 

In another area, Soviet work on FOBS flights seems mod- 
erately quiet and stable at this point, and it would be difficult 
to predict any substantial change in this regard in the years 
immediately ahead. It would be safer to assume that a number 
of the existing and coming SS-9 silos will be prograinmed for 
use of F-l-r FOBS payloads. 

Soviet work with space interceptors is still so actively expand- 
ing that it is difficult to ascertain where this development wiU 
lead. The variety of interception tests seems to be expanding. 
The Soviet program seems pointed toward a very real capability 
to- make fast passes by target satellites and to co-orbit with them 
We do not know how successful gathering intelligence about 
such tkrget satellites will be. Destroying target satellites has not 
been employed up to the time of this writing, but such a destruc- 
don capability appears to be a relatively simple engineering ad- 
dition, cbmpared with the solution of the problems of intcrccp- 
tivc inspection- 

Finally! any Soviet development of a multiple orbital bom- 
bardmcnt\ystem (MOBS) cannot forecast at this point There 
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is no clue whatsoever that such a system already exists. To a 
degree, the world may be protected by the existing Outer Space 
Treaty (see chapter 5), which prohibits orbital stationing of weap- 
ons of mass destruction. Violations of the treaty probably would 
be caught during the development phase so that strong protests 
could be made before such a system became operational. 

Lunar studies. — The examples of Zond 5-8 and Luna 15-20, 
coupled with repeated Soviet forecasts, suggest a continuation of 
the Luna program. In time, the Soviet Union can be expected 
to map the entire lunar surface, to land roving laboratories in 
several^egions of the moon, and to bring home sample materials 
from various lunar sites. If the G^-e vehicle is applied to un- 
manned lunar work, then much more ambitious projects may be 
carried out daring the remainder of the 1970s. \ 

Planetary studies. — Probably, the most immediate planetary 
task will be to send additional payloads to Mars, in light of all 
the Soviet statements about that planet. A token round trip flight 
to Mars is probably within the capacity of the D-l-e vehicle. 
Such a flight would not include landing. It may be assumed that 
the Soviets will attempt multiple launches toward Mars during the 
1973 and 1975 windows. 

Also, Soviet flights to Venus should contmue at appropriate 
window (planetary alignment) opportunities. The Soviet Union 
probably will, try for a longer period of pay load survival on the 
surface, with more sensors working than was true of Venera 7. 
If the Soviet Union upgrades the D-l-e vehicle for Venus flights, 
then the variety of data-gathering can be greatly increased. Flights 
might be put mto orbit around Venus, returning data for a time 
before making a landing. 

Fmally, Soviet flights to the giant planets (Jupiter and Saturn) 
and the other outer planets appear "ikely at some future date. 
However, there is no indication of planning for a planetary grand 
tour during the 1976-1979 "grand-tour" window. Jupiter seems 
likely to be the earliest fly -by target for future Soviet space probes 
going to planets other than Venus and Mars, The D-l-e vehicle 
would be the logical vehicle to use, Soviet scienrfs^y^so have 
shown an interest in studies of the ^«tgr5W5;-cO](nets/ and other, 
space phenomena of the solar systto. However, Soviet deep 
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Manned Space FUgbt 



SoYuz. — Even though the Soyuz manned craft has not yet been 
used to its announced limits of 30 days stay time and 1,300 
kilometers altitude, it has been proposed as a ferry and resupply 
craft, as well as an element in early space stations. Also, group 
flights with hard docking attempts are a logical probability within 
the Soyuz program. It is possible that these two missions might 
be combined, although there would need to be some trade-offs 
in use of weight carrying capacity between consumables for men 
and fuel for maneuvering; 

Long term space station.— The most consistently quoted Soviet 
estimates of the establishment of a permanent station seem to cen- 
ter around 1974. It probably will take place eventxially even if 
such a station has to be constructed primarily of many separate 
components placed in orbit by either the A-1 or the D-l ve- 
hicle. The G-1 vehicle might be used to orbit one or more ma- 
jor elements. A station with a five-year life might start out fairl> 
modestly, and then be expanded each year. There is still loo 
much speculation to provide any definite clue as to whether it 
will be constructed with spokes around a hub or as a toroid 
(doughnut-shaped). One possibility is that the next step may be 
the manned orbital platfom (MOP) whose core is to be placed 



polar orbit and soine~~ncafl> eqfitotorial, it seems unlikely t^at^ 
in the 1970s, they would be able to afford several simultanetSus 

large efforts. Inclinations oi 52 degrees or 65 degrees appear to 
make the most sense for continued passage over the launch site 
and scrutiny of most of the important parts of the Earth. The 
permanent station, when it comes, is expected to serve many 
economic and scientific purposes in weather reporting, locating 
earth resources, communications, and navigation, 

'^ISfeusABLE SPACE SHUTTLE. — If the Russians build and supply 
many orbital stations, a reusable shuttle would justly its estimated 
development cost very quickly. It is difficult to forecast when such 
a shuttle will appear, but the most likely period for such a de- 
velopment is between 1975 and 1985. 
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ZoND. — Because the Zond has beeiv 50 clearly identified as a 
manned precursor and seemMc incorporate two of the three parts 
of the tested Soyuz crafC presumably, it will be used to send a 
. — humaa^ew around the moon. One obstacle has been the diffi- 
culty in man-rating the D-l-e vehicle. Another obstacle has been 
the Soviet desire to test several modes for earth return, both 
ballistic and lifting reentry. The latter i& preferred for manned 
flight. With only the Zond 6*jmd 7 experience In lifting -Fceatrju. 
it is possible that at least one more unmanned test flight will be 
run under the label Zond 9 before men are committed. 

Manned Lunar landing.— Western observers of the Soviet space 
program may debate for some time to come whether the Rus- 
sians really thought that they would be ready to land men on 
the moon in 1969 or whether such a program lay several years 
in the future. The real issue is not whether the Russians had 
a moon program but whether there was a firm, time-table and 
hardware in production to back up such a timetable. Further, 
there is the issue of whether there still is a Soviet moon landing 
program. The Russians more likely than not had specifically pre- 
pared hardware for the lunar attempt. It is conceivable that some 
space, engineering group had a plan for overcoming the very real 
obstacles to early success and for some months in 1969 had the 
go-ahead for a good try to be first to laiid men if the Apollo 1 1 
mission failed. But such a venture probably could not have been 
undertaken >vithout violating the conservative practices with re- 
gard to human safety which the Russians have followed , fairly 
consistently in their program. Such a mission would have been 
marginal at best. Earlier, the unmanned Luna 9 beat the US 
surveyor I mission to the moon by several months, but Luna 9 
had been rushed to the point that it was only a token action. The 
difference with a manned flight was the chance that a token effort 
would cost the life of a cosmonaut. 

There is insufficient evidence to prove that plans to land men 
on the moon have been abandoned. The safest assumption would 
be that, if years of work have gone into preparing hardware 
and other facilities and plans for a lunar landing, some effort 
is continuing to prepare for this event. It is still a reasonable as- 
sumption that whatever went wrong with Soviet manned lunar 
flight plans in the summer of 1969, something brought a shift in 
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priorities away from the earliest possible manned round trip lunar 
landing toward somewhat greater emphasis on earth orbital sta- 
tion plans. 

From 1973 on, with the Apollo missions completed, one may 
realistically assume that the Russians may feel that they have had 
the timp for methodical preparations which they need to make 
their own landing. If work continues to go slowly, it may be the 
late 1970s or early 1980s before a landing takes place. 

Manned planetary flight. — Manned flight to the planets has 
been the long-range goal of the Soviet space program from its 
be ginnin g. If the Russians develop a space shutt|||| by 1980 or 
earlier, the chances of their sending a manne^dPedition to the 
planet Mars before the 1980s would be greaB^tmproved. Con- 
sidering the number of engineering and->^«M||PK accomplishments 
still to be achieved, it is probably mosfreaUstic to estimate a 
Soviet expedition of 20 or so men to Mars in the 1990s. 

Soriet Philosophy Toward Their Space Program 

The Russians have taken pride in their space accomplishments 
and have not been hesitant to exploit the prestige associated 
with their successes. Space technicians seem to have convinced 
the political leadership, which often has an engineering back- 
ground, of the economic necessity and benefit of pursuing an ex- 
panding program of exploration and application. 

Howefer, the Soviets have not overlooked science and dis- 
covery for its own sake. If space research and development has 
involved any delay in improving th^ lot of the consuming pub- 
lic, it is part of a broader philosophy^, of sacrificing the preseiit 
for the chance to improve the lot of all in the future, the Com- 
munist "pie in the sky" philosophy. 

CONtLUSION 

Overall^ the Soviet space program is pursued in an orderly fash- 
ion, while seeking multiple goals. The investment in support of 
these goalA is substantial and, probably, is in excess of that given 
the US program aVi^ peak. 

The So\5j6t spaceNprogri^m has been used extensively as a 
propaganda m^um for tl^ Soviet Union, its form of government 
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and the Communisl Party. The decline of this government analog 
would be severely damaging politically. At the same lime, the 
Soviets have made a massive commitment to the space program, 
most of which would be wasted if the space program winds down. 
Finally, the Soviet Union has evolved space cooperation into an 
extension of foreign policy. Such international tools as dual dock- 
ing, Intersputnik, and Intercosmos would be lost by decreasing 
space exploration. 

Thus, one may logically assume that the Soviets will continue 
to build a space station during this decade and will complete 
manned landing and exploration of the moon in^ the 1980s, 
possibly in joint efforts with the United States. And should be reach- 
ing for Mars in the following decade. At the same time, addi- 
^tional improvements should be seen in military and civilian ap- 
plication, unilaterally and collectively, in the near-earth zone. 

WORDS, PHRASES AND NAMES TO REMEMBER 

Intersputnik 
Intercosmos 
Collegium 

Leonid Brezhnev (leh-yah-NEED BREZH-neff) 

Petrov (pi-TROFF) 

cosmic communications bridge 

Aleksei Kosygin (ah-lek-SAY kah-SEE-gin) 

Roseau (roh-ZOH) 

Oreol 

multiple orbital bombardment system (MOBS) 

window 

grand tour 

loroid 

manned orbital platform (MOP) 



1. List two political analogs of the Soviet space program. 

2. Name three administrative agencies which are believed to share control 
of the ^viet Union's space program^ 

3. In terms of GNP, compare the current resource commitments to space 
exploration of the United States and the Soviet Union. 

\ 
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4. What are the two major Soviet bloc cooperatiTe space programs? 

5. Name four Soviet-United States cooperatiTe projects. 

6. Name two Fraaco-Soviet cooperatiTe projects. 

7. Despite the vohime of activity to space flight, the core of 

the Soviet space programs is space flight. 

8. Based on tliis chapter and any supplemental sources available, list the 
next three probable developments to the Soviet space program. 



THINGS TO DO 

1. Report to the class on the structure of the Soviet Govcmmc;rt. Make an 
organizational chart of the structures of both the Soviet G9Vcmmcnt and 
the Soviet space program. Sec what' comparisons can be, made between 
the two charts. ^ / 

2. Make two color bar graphs to illustrate the difference between US and 
Soviet spending on space exploration. The charts should be based on both 
dollar equivalents and GNP percentages over a period of a few years to 
make both actual and relative comparisons. ' 

3. Regort to the class, on any new developments in the Soviet .space program. 
Be sure to note if such developments are consistent with» ah^d, or behind 

' current expectations. . . » 

SUGGEsYfbNS FOR FURTHER READING 

Frutkin» Arnold W. International Cooperation in Space. Engfewood Cliffs, 

New Jersey: Prentice-Hail, 1965, chapter 3. 
Stoiko, Micheal. Soviet Rocketry: Past, Present, and Future. New York; 
- Holt, /leinhart, and Winston, 191^0, chapter 15. 

U.S., Cong., Hbuse, Committee on Science and AstronaulidS, Review of the 

Soviet Space Program, 90tl\ fong, 1st sess, 1967. pp 79-89. (J*115) 
U.S. Cong., Senate, Committee on Aeronautical and Space Sciences, Space 

Cooperation Between (he United States arvd the Soviet Union, Hearings, 

92nd Cong, 1st sess, 1971. 
U.S., Cong., Senate, Committee on Aeronautical and Space Sciences, Soviet 

Space Programs, 1966-70. 92nd Cong. 1st sess. 1971, chapters 1-3, 10, 11. 
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Most of the nations of Europe began their Space programs wijh 
assistance from the Uni^d^States or^ moi^p neighbors. 
^ As they progressed, they rpAched a pgijtf^^ere t 
regional Cooperation ^d tegan international programs. Most re- 
cently, the dominant theme hks^ becope national programi, apd, 
as a result, the regional\ programs , have begun .to fade. 
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INtERNATIONAL SPACE PROGRAMS 

There are two major international cooperative' program^ in 
Europe. The European Space Research Organization (ESRO)^ 
is, primaril) concerned with satellite operatiods', and the European 
^Launcher Development Organization (ELDO) works to produce 
an all-Burop^^n launch, vehicle. In addition, ESRO and ELDO, 
aWng with /the United Nations, Constitute the three largest in- 
' ' temational space programs in the worid. 
>• . 

European Sl^ce Rese^ch Ofgani^tion (ESRO) 

Oij 17 jJ4ay 1968, the/number of nations that had' partici- 
pated in "Orbiting *a, spacecraft more than doubled. Se>ien new 
nations* wpre added to the list, not because of a sudden swge 
^ in natiorml launch activities^ — only one satellite was involved — 
^but becstuse ESRO 2B (Fig. 53), the cooperative effprt of. 10 
£u?bpeAn countries, .was placed in orbit by the Uniteql States. 

The European Space Reiearch Organization came into being 
in Marchv 1964 after some three >ea(s of preparation. It consists^ 
of 10 member nations: the United Kingdom, Germany, * Italy, 
France, ' 9v(^dei>r^elgium, Netherlands,^ Switzerlaiul, ^pain, and 
Denmalrk. 'Its stated purpose it to ^'provide for, and. to prompte, 
(follaboration amortg European states in space research and tech- 

* biology, exclusivelx*for«peacefuLiJun50ses." * . • 

ESRO has the responsibility for designing and constructing 
'sounding rocket payloads a]\d space probes, using equipment 

* provided .by^ its men^jjer st^^^s. It'i's to obtain (but not build) 
launch vehicles, arrange for tl\eir lauhcTiing, and provide a way to 
collect and* analyze the data obtained. The organization ha^ the 

. overall <j0b of exchangi^ig information and promoting cooperation 
among scientists of the meniber nat^ions. It also has the authority 
tc?* entej: into 'contracts 'Vi^ ESRO member states or with othe^ 
natfdns or international organizaticjns for the uSe of launch ranges 
and other facilities. FCi; jsxample, ESRO. has signed working agree- 
ments with NASA. The ESJIO-NASA emblem. Figure 54, is 
placed on vehicles iriVolved in their .joint endeavors^ • « 
'-In addition to ESRO '2,. ESRO ha^ placed four other^ satellites 
in orbilt ESRO 1, launched in October 1968^ was a scierifific 
spacecraft to^ s.tudy the polar ionosphere, 'norjhtm lights,, an^ 
related f)henom'ena. HEOS 1 (High EccentricTOrbiting. Satellite), 
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Fjgurt 54. Embltm dtsigntd for joint proitcts bttwttn t^ASA and ESRO. 

• 

designed to chart the magnetosphere beyond the earth's shock 
wave, ^as platced in orbit in^ December 1968. ESRO IB was 
launched in October 1969 to study ionospheric phenomena and 
the aurora bor^alis. Finally, HEOS 2 continued the charting be- 
guri by HEOS 1 after i\ was launches! in 1972. (See Figure 55.) 
For all these efforts, ESRO employed US launch vehicles. 

For the future, dim prospects await ESRO. France and Ger- 
many have withdrawn ^for political and financial reasons, while 
Italy, the United Kingdom, and the Netherlands have turned 
to national programs. 
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European Launcher Development Organization (ELDO) 

To date, ELDO has failed in its attempt to produce 'a relia- 
ble launch vehicle (I^ig. 56) even though France and the United 
Kingdom, both member nations, have developed their own launch 
vehicles. Such inconsistencies are typical of the ELDO pact mem- 
bers. ELDO appears to be headed for the same fate as ESRO, 
a slow death caused by too many nations with too many dif- 
ferences sharing the role of administration. In attempting to mix 
politics with technology, both ESRO and ELDO have encoun- 
tered numerous problems, most of which have come from a lack 
of political and technical centralization, poor division of respon- 
sibility, and consider^Wfe mistakes in budgeting. 

Other Programs 

In addition to ESRO and ELDO, there are several smaller 
and less important programs. Three typical examples afe GETS, 
EUROSPACE, and FAI. 





CETS. — One of the important nongovernmental organizations 
in Europe is the Eoropean Conference for Telecommonications by t 
Satellite (CETS, the organization's acronym, is derived from the 
first letters in the French title of the organization.) As its name 
implies, CETS is primaril) concerned with satellite communica- 
tions. It v/sff organized in 1964 as a unified voice to speak for 
the European nations in discussions on worldwide communica- 
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lions satellite networks and to protect European interests m 
the field of communications. 

GETS represents 17 European nations m INTELSAT GETS 
is not funded from governmental budgets but is kept operational 
by donations , from industrial concerns. GETS is the European 
counterpart of the Gommunications Satellite ^Corporation (Gom- 
Sai) A major project of GETS is the establishnW of a Eiu^an 
satellite network. The GETS network plan calls for the^ of 
ESRO facilities and ELDO launch vehicles, but, until these two 
govenimentaUv operated bodies achieve success, the GETS sys- 
tem remainTanhuxeDlan. 

EUROSPAGE — The Committee for European Space Research 
CEUROSPAGE) was organized in 1961. It is composed of mem- 
bers representing scientific, engineering, aircraft, electroihc, chem- 
ical, and financial interests of Western Europe in the field of space 
research It describes itself as "a free association of industrial firms 
and professional bodies interested in the scientific, technological, 
and industrial aspects of space." 

EUROSPAGE has become, perhaps, the most dominant of the 
European space groups. It supports ESRO, ELDO, and GETS in 
their various programs and acts' as a defender and promoter of 
•space research in governmental circles and among the general 
iMiblic. In addition, E^^ROSPACE has a number-of committees 
at work on all aspects of space flight, such as basic research, 
training, law, and documentation of efforts in space. 

EUROSPAGE also works for cooperation through the European 
Space Gonference (ESQ. The ESC is currently working on two 
programs- (1) an agreeable post- Apollo cooperative space shuttle 
program (with the United States) and (2) a European NASA. 
A European version of NASA would result from combining ESRO 
and ELDO. 

FAI— The Federation Aeronautique Internationale (FAI), or 
Infemational Aeronautical Federation, was founded two years af- 
ter the Wright brothers' flight and has since developed many 
aviation regulations that are basic to international law. FAI has 
become recognized as the body that certifies world records in 
aeronautical flight, and this power to certify has been extended 
to space flight records The FAI regulations governing all classes 
pf aircraft competition ar^ modified periodically |b keeppace with 
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techiiolo^cal changes in air and space craft. The FAI has been 
most closely identified with outer space in the area of certifying 
world records. 

Nttioaal Programs 

Aside from international organizations, Europe is fast becom- 
ing an area where national programs are dominant. In several 
instances, national programs are more successful than international 
programs even when the same countries are involved 

United Kingdom — The United Kingdom began exploring space 
with the assistance of the United States. Soon, however, the Um'ted 
Kingdom turned from the United States to the ESRO and ELDO 
programs. But, in the 1970s, the UK space effort has taken a 
new direction. Faced with financial and other restrictions, the 
United Kingdom has redirected its space program by^again work- 
ing closely with the United States and is developing its own 
national programs, giving only limiied-^^^su^^rt to ESRO and 
ELDO. ^ 

• The British satellite Arid 1 was launched by NASA in April 
1962. Ariel 2, another cooperative venture, was launched in March 
1964 to measure atmospheric phenomena. The sophisticated Ariel 
3 was or^ed in May 1967 and was the first all-British research 
satellite. /Ariel 4 (Fig. 57) was launched from Vandenburg AFB 
in Dec^ber 1971. It was a cooperative project to investigate 
phenomena in the upper ionosphere. 

Tn recent years, major British effort has focused on the Skynel 
military communications and X-3 research programs. On 19 
November 1969, the first satellite in the Skynet program, Skynet 
lA, was launched with ^ NASA Thor-Delta rocket from Cape 
Kennedy to a geostatic position over the Indian Ocean. The sec- 
ond satellite was launched on 19 August 1970, but it failed af- 
ter'a few moments. When Skynet IB is replaced with the improved 
Skynet 2 (all-British construction), it will form a military commu- 
nications network between ^Tiitehall (the British Pentagon) and 
distant British bases and units. The X-3 Britain's successful 
bid to become the sixth nation to orbit its^own satellite. In late 
October 1971, a British Black Arrow rocket (Fig 58) lifted the 
X-3 (Fig 59) technological satellite into orbit from Woomera, 
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Australia. The X-3 is designed to test a new telemetry system, 
power supply equipment, thermaTNpntrol surfaces, and^ solar cells. 

The British are proud of their ground facilities, particularly the 
famous Jodrell Bank Radio TelesQope. Jodrell Bank has played 
a significant role in covering each of the Apollo flights. It provide^ ^ 
invaluable assistance in the recovery of Apollo 13. Because of it^. 
location in the northern longitude, this telescopj^ was the fir^f 
ground-based facility to pick up and report the position of the 
crippled craft after each Moon orbit. 




Italy. — The most^ famous Italian space effort has been the 
San Marco satellite project, conducted in cooperation with NaSa. 
Italy was one of the first nations to accept NASA's invitation for 
cooperative space experiments, and the San Marco project was the 
result. In the project, Italy provided the first satellite launch con- 
•'ductcd in the United States by a foreign team and the first 
launching from a mobile platform. San Marco is an air density 
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satellite, San Marco I, a test satellite, was launched from Wallops 
Island, Virginia, in December 1964, it decayed 10 months later 
San Marco 2 was launched on 26 April 1967 from the San Marco 
launch base, a mobile sea-based platform in the Indian Ocean off 
the coast of Kenya (Figs 60 and 61), It transmitted air density 
and ionospheric data. The launch vehicle was a Scout rocket pro- 
vided by NASA. San "Marco 2 was followed by San Marco 3 
(24 Apr 1971) which duplicated the former satellites mission. 
Italy also conducts sounding rocket and balloon-borne space pro- 
jects from the Satto di Qoirra test range in Sardinia. It operates 
one of the most exj>ensive and varied space research programs in 
Europe, ranging from measuring cosmic radiation, proton energy, 
and the earth's magnetic field to expanding satellite communica- 
tions above the 10 GHz (Giga-Hertz, 10*) frequency range. 




Figurt 59. X-3. 
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an area still open to research and a potential relief to overcrowded 
normal communications frequencies. 

In December 1970, Italy launched the US Explorer 42 or Small 
Astronomy Satellite (SAS-A) from the San Marco platform. This 
marked the first time, that a foreign country launched a US satel- 
lite. 

Italy's most imponant satellite project is the SIRIO, (Fig. 62) 
a national program. This will be a geostationar> communications/ 
scientific satellite intended to test communications in 12-18 GHz 
frequency range. The CNR (Italy's National Research Council) 




Figurt 62. Itolion SIRIO communications scitntrftc tottlltU. Kty. 1— ETA'-BETA tx^ 
p^nmtnt, 2— VHF onttnno, 3— colotftudinol t«nsor, 4— digitol counttr, 5— mtdium 
tntrgy s«nsor, 6— high tntrgy stnsor, 7— SHF •xp«rimtntal onttnno, 8— SHF trans 
pondtr; 9— tat«Hitt housing, 10— solar c^iis, 11— lovtl s«nsor, 12— analog digital 
conv«rttr; 13— tfltmttry tncod^r; 14— UHF anttnna; 15 — apogt* motor. 

> 
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plans to launch the satellite into a 22,000 mile geostationary 
orbit at 15° west longitude. NASA will use a Delta rocket to 
' make the launch. 

Italy participated in both the ELDO and ESRO programs for 
several years, but, in recent years, the Italians have been dis- 
appointed in intra-European cooperation, primarily because of fi- 
nancial conflicts. Through 1971, Italy contributed 57.6 million 
dollars to ELDO and received only 41.6 million dollars worth of 
equipment orders. At the same time, Italians spent 35.2 million 
dollars on ESRO to gain only 9.6 million dollars in parts orders. 
Faced with these returns, future Italian efforts will most likely 
center on the San Marco program and national projects. 

France.— After the Soviet Union and the United States, France 
was the third nation to place its own satellite in orbit with its 
own rocket. Today, France is as much involved in international 
programs as in independent ones. In addition to developing its 
own carrier rocket, Diamant, France devotes most of its effort 
in the nonmilitar> area to working with the ELDO nations in 
■their attempts to perfect the Europa satellite launch vehicle. So 
far, however, the Europa has proven unreliable, having failed 
on all nine launches on which it has been used. 

France has developed two primary rockets of particular sig- 
nificance. The first is Coralie, the Fr4tich contribution to ELDO, 
which is the second stage of the ELDO Europa I and II 
boosters. This rockei has been successful in every Europa launch, 
despite the Europa \ecord of failure. In each case of Europa 
failure, the problem m^s been in the German third stage. The 
second French rocket oh>importance is the Diamant, an entirely 
French project. The first vehion^iamant A, was used to orbit 
four satellites, the A-lr^-ArTy^^x^5l-D, all French. The 
more improved version, Diamant B CFig 63), has been used to 
launch the German Dial satellites and the French Peole satellites. 

The majority of French launched are staged at CSG, Centre 
Spatial Guyanais the (Guiana Spate Center), at Kourou, French 
Giuana, in SouthAmerica (see Fig/64). Tbe^cility hasjouf func- 
tional areas: a furopa launch site] a^^rate J^-m^ml^nch site, 
four platforms for sounding rockWs, and a tracking Ration (see 
Fig 65). The tracking station at CSG is part of the/system that • 
includes facilities in France, the Canaries,^ Haute /volta (East 
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Africa), Congo-Brazzaville, and 
South Africa. It is used to track 
all French national launches. 

Although most other free 
world European nations have 
joined the United States in co- 
operative projects. France has 
entered into cooperation with the 
Soviet Union. Under the working 
agreement between the two coun- 
tries, France has provided the 
scientific and technological sate- 
llite, SRET, which was launched 
concurrently with a Mohiiya shot 
4 April 1972. In the past, 
the Oreol 1, launched 27 De- 
cember 1971, and the laser re- 
flector used on Lunokhod 1 were 
the results of Franco-Soviet co- 
operation. 

Finally, the relative success of 
the French national program is 
evident in the percentage of 
successful French launches. In 
April 1971, a French D-2A sate- 
llite was launched to. measure 
radiation. This was the seventh 
successful satellite launch in as 
many firings, making it the 
world's best "satellite batting 

average." 

Germany.— West Germany 
has engaged in a number of co- 
operative space programs with 



the United States and with other nations. Programs conducted 
the United States have included meteorological and communications 
satellited, ionospheric a^d radiation belt research; and sounding 
rockets. Currently, Germany and France ^e working together on 
the development of a communications satellite called Symphonic 
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Figure 64. Kpvtou Jouneh rang*. 

which could form the basis of a European communications satellite 
network. If the Symphonie is successful, addijtionaf launches could 
establish a network of satellite communications that would free 
European countries from their dependence on INTELSAT. This 
, development is very much in line with the resurgence of European 
• nationalism. — ^ 

The first German satellite was launched 8 November^i969, 
, when a NASA Scout launch vehicle put Azur into orbit. 
launch vehicle was followed by the Dial series launched by the 
French Diamant rocket. The most ambitious German project to* 
date will be Helios* The Helios project is comprised of two 
solar investigation satellites to be put aloft by Atlas-Centaur 
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Figur* 65. Kdurou lounch focilitits. 

rockets, 12 n^ionths apart, during 1974 and 1975. Helios will 
contain 10 experimental packages. These are designed to measure 
the speed of the solar wind, the mass and energy of interplane- 
t^ dust particles, and the interplanetary magnetic field and its 
various intensities. H^iios will also monitor plasma and radio 
waves, identify cosmic radiation characteristics, chart solar elcc- 
troa energy distribution, and investigate zodiacal light (the glow in 
the west after twilight and in the east before dawn). Figure 66 
shows a future West German scientific space probtfTN 

Germany must depend on foreign launch vehicles to\:ontinuc 
its satellite programs. Because of inadequate financial and geo- 
graphic resources for laimch vehicles and sites, Germany nas not 
developed its own launch vehicle. However, it has joinWLthe. 
ELDO nations, and, as a result, it is in charge of building the 
third stage of the Europa launch vehicle. 

The Netherlands.— According to NASA scheduling, the Nether- 
lands will be the next new owner of an orbiting satellite, sched- 
uled for launch in 1974. The Dutch satellite, ANS (Astronomical 
Netherlands Satellite, I^ig. 67), will perform three experiments. 
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The first two experiments will involve highly complicated moni- 
toring of x-rays. The third experiment will use an ultraviolet (UV) 
telescope to observe stars. The UV telescope experiment is par- 
ticularly interesting because it will permit observation of blue- 
white, very hot, new stars. These stars are difficult to see from 
ground observatories because UV light is blocked by the atmos- 
phere. 

The Netherland's space effort has included research involving 
the measurement of soft solar x-ray?, cosmic radiation, and wind 
movements ^in the ionosphere. In addition, the country's back- 
ground io^erodynamics and avionics is being used in the testing 
of ELDO$ rocket shapes and guidance. The Netherlands partici- 
pates in a number of US and French cooperative programs as 
a leader in space electronics. In developing the ELDO Europa 
vehicle, the Dutch provided the telemetry equipment for the first 
and third stages of the Europa I and all three stages of Europa II. 

Other nations.— The programs of Spain, Poland, Rumania, 
Switzerland, Sweden, Austria, Belgium, Czechoslovakia, Denmark, 




FIgur* 66. A EROS (futur«) W«»t Gtrman scientific spact prob*. 
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•Hungary, and^orwa> should also be added to Che list of national 
prograpis. T]M^ nations Ijclp j^^upport such "V^ed activitcs as 
perfonning detaJed ^penmeafe in acromedicat techniques and 
so<lhding rockets to supplying technicians to man traaVfng stations 
for the Soviet Union and the United States. AlthouA m^st of 
these national efforts are relfltively small, they are impouant to 
the nations involved and to Jhc rest of the world. Regardless of 
wbU makes a breakthrough, 'ail nations benefit iJ^usc they do^ 
not need to repeat the expenses of discovery. '^/^ 

*Thc Americas are dominated by the US space progfam. 
a result, there are no major international programs and few <ig-^ 
nificant national programs. However^ ^ in Europe, growth and 
national spirit have led to the beginning of such development 
There is a Pan-Ame^can org^ization called the Inter-Amcrican 
Committee for Space Research (lACSR) and another known as 
EXAMETNET, both of which are active in the Wes^m Hemis- 
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phere Also, Canada, Brazil, Argentina, and Mexico are making 
definite move's toward the development of strong national pro- 
grams 

international Programs 

lACSR — The Inter-Amencan Committee for Space Research 
v»as formed m 1960 to promote space research in the Latm Amer- 
ican countnes and to assist in the creation of national organiza- 
tions lO encourage and coordinate space-related activities in Latin 
America Although the United States panicipates in the com- 
mittee's work, Argentina seems to furnish the drive for the-* group 
Under lACSR's auspj^s, several nations are cooperating in some 
limited space probes 'Special emphasis is given to expenments in 
which nations with limited resources can participate and receive the 
most benefit. The committee promotes joint expenments, person- 
nel exchanges, and information. 

ExAMETSET — EXAMETNET is the Inter-American Meteoro- 
logical Sounding Rocket Network, which studies weather con- 
ditions through the use of meteorological sounding rockets. Al- 
though the EXAMETNET program is modest, it is growing in 
size and importance. EXAl^ETNET has undenaken regular co- 
ordinated rocket soundings on a nonh-south line in the Western 
Hemisphere. Since EXAMETNETs formation in 1966» Argentina 
and Brazil have launched more than 100 rockets, synchronized 
(launched at the same time) with similar launchmgs from vanous 
US sites. ^ 

The Inter-American groups have met some success, but the) 
have not been as influential as the European groups. There are 
logical reasons for this Jack of influence. For example, the Eu- 
ropean nations are considerably more wealthy than the Latm 
American nations, and i^ffeir industrial base is more highly de- 
veloped. One needs only to compare France with Argentina, 
Germany with Brazil, or Great Bntain with Bolivia to under- 
stand the reasons for this varying influence Although Latin Amer- 
ican scientists have made some contributions to mankind's knowl- 
edge about space, the major strides in Inter-American space 
research have come as a result of bilateral projects involving the 
United States and individual Latin American nations. 
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Ntdooid Proframs 

Canada. — Canada has been acti^el) engaged 'a space research for 
^ a number of >ears, and its fields of activii) have been widespread 
Cooperaiifen with the United States has been close and has re- 
sulted in the launch of the Canadian-built satellites aboard US 
boosters. Canadian space activities have reflected a long-standing 
interest in the communications problems of the polar ionosphere 
This has led Canada into joint satellite projects (three Alouette 
and an ISIS spacecraft launched Ipetween 1962 and 1969) to 
sound the ionosphere from above, these projects contributed sub- 
stantiall) to US space /objectfTes. Alouette 2, launched November 
1965, continues to t:(ansmit usable data (Fig. 68). Another In- 
ternational Satellite for Ionosphere Studies (ISIS) was launched in 
1971. Canada is developing a domestic communications satellite 
system for which NASA will provide launch services on a re- 




Ftgur* 68* So«n»i»ti pr*panng Ccnodion built AJou«tt« U »ottlt*ft« for lounch 
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Figor* 69. Chorehill T«it Rangt. 

imbursable basis. For the future, Canada is studying a communi- 
cations technology satellite, the objectives of which coincide very 
closely with those of the United States. The possibility of a joint 
effort is being explored. 

Canada has an active sounding rocket program in operation 
utilizing the research range at Ft Churchill, Manitoba, on the 
west bank of Hudson Bay (Fig 69). The location of the ChurchiU 
Rocket Research Range makes it ideal for the study of auroral 
aotmfy, The Canadian research programs also investigate en- 
gi^^edng^ data, cosmic rays, the upper atmosphere, and a number 
OiTHher subjects. Non-Canadian agencies, including NASA, have 
^so used Canadian Black Brant solid-fueled sounding rockets. 

Brazil.— Brazil has moved Ynto the space age with a modest 
sounding rocket program, concentrating on ionospheric studies 
over the South Atlantic. Since this is an aita of weak magnetic 
field intensity, it is an ideal area for the study o^ radiation. Bra- 
zil's location on the eanh's equator enables it to manage the 
rocket studies and to launch satellites into equatorial orbits from 
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its Site at Natal. Since most applications satellites orbit the equa- 
tor, nations lacking an equatorial launch range must use larger 
than normal rockets to launch and then maneuver their satellites 
into i?psition. Brazil also conducts cooperative programs with 
NASA and with Qth^r Latin American nations, and it hopes 
to launch a communications satellite by 1973. Such a system 
would be used to aid in reducing the high illiterac> rate in remote 
pans of the jungll!'' Similar to the Indian program (see India), 
the Brazihan program will employ a US communications satellite 
and NASA launch services. B> launching a geostationary satellite 
that hovers above the jungle, educational television could be 
broadcast over rfie area direct to battery-operated television sets. 
Such a system would aid in educating' the bushmen and jungle 
warriors, 

ArgentiKa^— Argentina is probably the leading Latin American 
nation in spdcc research. It conducts an, active sounding rocket 
program, chiefl> mvolved with the study of weather and the ionos- 
}^here. A-rgentina has its own rocket range at Chamical (Fig 70), 
^d it also engages in cooperative programs with NASA and 
IxAMETNET. International cooperation is a fundamenti!|f art 
of the program of Argentina's National Space Research Com- 
mission, and the country's rocket range is available for use by 
other nations. An Argentine proposal under consideration by the 
United Nations would establish an international range at M^E^ 
del jPlata (Fig 71), on the east coast of South America. >^ 
MEXICO. — The Mexican space program is designed to make the 
Jmos: effective use of Mexican 'personnel and industry, even if 
-this means performing some of the earlier experiments of other 
natjbns. Mexican authorities believe, however, that this approach 
will one day bring the Mexican* program into prominence as a ma- 
jor contributor to space knowledge. A major p'roject is that ot 
info-ming theMejciC^fim people of the need for space research 
^JTh^ independent programs conducted b> Mexico have included 
both sounding rocket a^d ground-based research Mexico cooper- 
ates with the United States oil such programs as tracking of 
manned satellites, international fellowships, and visits to US fa- ^ 
cilities. The Mexicans have also built their ovttt sounding rocket, 
the MITL. 
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INTERNATIONAL SPACE PROGRAMS 




Figur* 71. Mar D«l Platta Rang«. 
AUSTRALIA-ASIA SPACE PROGRAMS 

The Australia-Asia area has no international programs of re- 
gional significance. The" United' States cooperates with many na- 
tions, but most of this cooperation is geared to a national pro- 
gram, either that of a recipient nation or a US program. However, 
some national programs in this area merit discussion, including 
those of two nations tlfat have successfully launched their own 
satellites and one that has used NASA launch services to place 
a satellite in orbit. 

AastndU 

In late 1967, Australia became the seventh naUon to orbit 
a satellite, when Weapons^ Research Establishment Satellite I 
(WRESATI) was launche^il^om Australia's Woomera (Fig. 72) 
test range, using a modified US Redstone rocket. Australia is 
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engaged in many areas of space resi^ch and exploraUon including 
cooperaUve programs with several bther naUons. 'Its Woomera 
test range is an integral part of the ELDO program. Tracking 
stations in Australia keep a watch on manned and unmanned 
space shots and satellites put up )>y the United States. Australia 
has made valuable studies with sounding rockets in the area of 
upper atmospheric physics and has cooperated with J^pan on 
ionospheric research. Australian scientists are considered pioneers 
in their radio studies of solar activity. 

Jip«i 

Japan has been involved in space research since 1955, beginning 
with, a foot-long sounding rocket aptly named PcndL Unfor- 
tunately, the combined restrictions of a moderate budget and pro- 
hibitions against such things as sophisticated guidance systems 
imposed by World War II surrender terms have slowed the progress 
otthe program. 




Figur* 72. Woom«ra Rang*. 
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Japan finally succeeded in February 1970, when space officials 
plac^ the 50-pound Osmni (satellite) in orbit. Other satellite 
programs currently underway or planned for the future include the 
Shinsci (MS-F2) (Fig 73), and the REX (Fig 74): Eventually, 
the space program is expected to expand into more ambitious 
projects. For such programs, larger boosters like the Q and N 
boosters (Fig 75) will be employed. 






FIgur* 73. ShiuMi, (MS-f2), JapantM xitntific tattllltt. 
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^gurt 74. REX, (futurt), JopantM tcitntific tattlllt*. 

This sudden acceleration of the Japanese program is due in 
large part to economic growth and the healing of old war scars. 
One other development also has been very important. Originally, 
Japanese research was primarily a product of private enterprise, 
but, in 1960, the National Space Activities Council O^SAO 
was formed as a Government advisory agency. It was replaced by 
the Space Activities Commission in 1968, which administers the 
program. Within a few years, the Commission created the National 
Space Development Agency (NSDA) to execute space activities. 
After these evolutionary administrative changes, Japanese space 
pro-am plans were reorganized. First, as an economy move, in- 
ternationally available technology would be used instead of in- 
dependent national research. Second, the multivariety rocket pro- 
gram wis abandoned in favor of the development of a single 
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^ Rgur« 75. H b6otttr. 
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rocket and launch fadlity by late 1973 or early 1974. (The Jap- 
anese have already 'compl^d the Mu4s and the Kagoshiitia 
Launch Range (Figs 76 and 7]). Third, an aggressive satellite 
program, including meteorological, navigation, geodesic, commu- 
nications, broadcasting, and earth resources satellites,, was begun. 

Mafailiuid Chinii 

In April 1970, China launched a 380-pound satellite to become 
the fifth nation to lauireh its pwn' sa^pUite. China-1 (designated 
"CHiicom" by NQRAD) bMadcasted a^Maqist song, "Tung Fang 
Hung," ("The East is Red") the'^^Gtoiese version of "My Coun- 
try Tis of Th^," back to earth, * 

Mainland C|;una'& first orbitirig space satellite not only heralded 
that countty's entry into the select group of space-age nations,, 
but it raised the question of a Chinese intercontinental ballistic 
missile. Little, Is known about Chinese space Sciences capabilities. 
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Apparently, the chief interest of other nations in the Chinese space 
program is its meaning in terms of ICBM capabilities. 

Despite the appearance of a Chinese satellite, defense analysts 
view the development of a Chinese ICBM as lagging behind 
schedule. This assessment is based on four major observations. 




Figvr* 76, MU4S, Japanese favnch v«hicl«, solid propellant. 




INTERNATIONAL SPACE PROGRAMS 



First, since January 1967, US authorities have expected a demon- 
stration of Chmese ICBM capability, either in the form of a satel- 
lite or ICBM test launch. Not only is proof of this capacity already 
overdue, but the most recent prediction is development by 1973, 
with a strong chance of another three years or more. Second, 
the satellites laimched represented no improvement in vehicle 
development. They had the payload weight range of an MRBI 
similar to those given to China by the Soviet Union in the late 
1950s. Third, no Chinese tracking vessels have ever been sighte^ 
in the Pacific Ocean. Such vessels are a necessary component 
an ICBM test flight. Finally, the Chinese have not demonstnHed 
the technical competency in guidance systems necessary for ICbMs. 
The China 1 and 2 satellites did not have the highly sophisticated 
guidance systems expected in ICBMs. 

It appears that the investment made in the satellite program 
as a trade-off from the ICBM development program. Such a 
trade-off would have to be based on political motives, rather than 
on any tangible results from a satellite that has bgeii called a 




F{gur« 77. Kaooihlma/Tantgaihlma Kan get. 
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**fairly primitive thing." However, there is another possible ex- 
planation for the Chinese switch from ICBMs to satellites. On 
the basis of China's past record of leap-frogging intermediate 
stages of development, some sources believe that China has by- 
passed ICBM development in favor of deploying orbital bombard- 
ment systems. 

The final impact of Red China's entry into the space age will 
not be known for several years. As for tha i mii iili Tin' ill ii 
development, it is technologically far behind and,V*i»4§^c> h^s not 
kept pace with world expectations. * 

India 

India's future space plans center around development of a do- 
mestic communications satellite network and spacecraft launch 
capabilities. India hasTSfej^n an instructional television experiment 
in conjunction with NA^^, to bring national educational pro- 
grams to 5,000 remote ^llages on 23-inch receivers during 
1973-74. This experiment vf'ill employ a NASA ATS-F (communi- 
cations) satellite. Television programs will be beamed up to the 
satellite for rebroadcastin§^' to the ground stations. The television 
receiver's antennas will ''be constructed of chicken wire shaped 
into a large bowl. Similar to the program pursued in Brazil (see 
Brazil), the Indian project will feature educational TV designed 
to help improve literacy, family planning, agricultural productiv- 
ity, and national integration of the^ cpuntry's several hundred recog- 
nized languages. With this method, the objective of the program 
will be accomplished three times faster and at half the cost of 
conventional programs. 

In addition to developing communications satellite systems, India 
is involved in a number of other areas of space exploration. In- 
dia's competence in space science and technology has grown 
in large part through collaboration with NASA in scientific sound- 
ing rocket investigations. Also, since 1965, India operates a UN 
sounding rocket range at Thumba (Fig 78). Currently, India is 
building a new launch range approximately 50 miles from Madras, 
on the east coast of the southern tip of the country. 

India now builds sounding rockets under license to Sud Avia- 
tion and has developed a small rocket capacity. The Indians 
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Figvr* Tt. \rtd\en cnrw pr«par»« to tounch Apoch* rock*t frofn Eqvotorioi Sovn^g 



plan to scale these projects up to a satellite-laxinch capability. 
Present Indian launch plans shoii^d, be completed by 1975. " 

Otbcr Natkxtt 

Aside from the relatively larger ^tional programs already men- 
^ tioncd, Iran, Israel, and Pakistan arc^also involved in multi-goal 
programs on a much less ambitious scale. Their programs are tuned 
more toward ^performing a service (NASA observers) or seeking 
^mediate application of space technology to their limited econ- 
^bmies. 

Iran. — Iran participates in NASA programs, including the resi- 
dent associate program at US universities and the program of 
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personnel exchange. It is engaged in studies of cosmic radiation 
and meteorology and sunspot phenomena. Iran's location on a 
high plateau in the Middle East affords excellent height and 
visibility and makes the country an ideal locatjpn for future de- 
velopment or space research programs. Stead) economic afid/jso- 
cial progress promises the fulfillment of Iran's potential in space 
research. 

Israel. — With its highl> trained scientists and technicians, Israel 
applies space knowledge to its efforts to make its desert en- 
vironment more livable. It has used sounding rockets to study 
temperatures, pressures, wind currents, and other aspects of 
the upper atmosphere. Israeli scientists have conducted extensive 
studies m space matters related to metallurgy, propellants, and 
shock waves as they seek wa>s of controlling the environment at 
the lowest possible cost. Israel cooperates with NASA's ground- 
based projects for ionospheric study, resident research associate- 
ships, and personnel exchanges. Outstanding cooperation between 
Israel and the United States has taken place in the use of meteoro- 
logical satellites. 

Pakistan. — The Pakistani space effort is concentrated in two 
areas First, meteorological sounding rockets are being used in 
joint rocket launches J with NASA. Second, the development of 
space technologies that can be directly applied to relieve poverty 
in the coimtry through cooperative agreements with France, Ja- 
pan, the United Kingdom, and the United States in the training 
of Pakistani scientists and technicians. 

THE LNTTED NATIONS; VVORLD^SPACE FORUM 

Since its founding in 1945, the United Nations has served as 
a forum for the discussion of numerous subjects affecting the wel- 
fare of the world. Although the power behind UN resolutions is 
limited to the power of world opinion, the UN has not been with- 
out influence. It is the most logical organization through which 
international efforts in space can be coordinated, and, although 
most information comes through exchanges on a nation-to-nation 
basis, much of the world*s formal interchanges involving several 
nations occur through the United Nations. 
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Hie GtoertI Amtxni^^ 

The UN X3eneral Assembly is a body in which all member 
nations a?^ represented and in which each has a voice. Jhe 
General Assembly functions as a forum for debate on interna- 
tional issues. It is the parent of the United Nations' Committee 
on the Peaceful Uses of Outer Space, which serves as a sort of 
technical advisor to the UN on space matters. '^^^ 

One of the more important contributions made by the Gen- 
eral Assembly was the establishment of the United Nations Space 
Registry (UNSR). The registry lists the international designatioh, 
name of the launch vehicle, category of the satellite or space 
probe, date of launching, inclination, period, and apogee and 
perigee It lists shots into orbit and beyond. The Registry is con- 
stanUy changing because of additions, subtractions, and modifi- 
cations of space vehicles. Since March 1962, the United States 
and the Soviet Union have supplied information to the United 
Nations Space Registry. Other nations have filed similar infor- 
Uiation with the UNSR as tliey have developed launch capabil- 
ity. 

The re^stry provides scientists of all nations with an up-to^ 
date inventory of orbiting objects and space probes. It encouragfa^ 
cooperation among nations engaged in space research. It enables 
space researchers to know the identity of each space vehicle, and, 
one day, it may be used to determine which of the "dead" space- 
craft can be ejiminated if near space becomes so cluttered that 
"housekeeping" iir space becomes necessary. Indeed, such an op- 
eration may become necessary; as oL 4 Oct 1972, 6,211 satel- 
lites had followed Sputnik 1, and 2,851 assorted objects were ^tiD 
in orbit 

Ibe Space Commlttet 

The United Nations Committee on tite Peaceful Uses of Onter 
Space is the only internationally-sanctioned governmental body 
dealing with the legal and political aspects of space. Although 
the committee's actions hax^ no binding authoritj, they are usually 
accepted by the General Assembly. Thus, world opinion is 
thought to be an important force behind the committee's rccom- 
mendationi. 
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The 'Committee on the Peaceful Uses of Outer Space is com- 
posed of diplomats, not scientists. Therefore, it serves not to 
produce new information but to channel information from the 
various international " scientific organizations, to coordinate inter- 
national space policy, and to encourage international agreements, 
national programs, and cooperative ventures that will benefit the 
world. 

Some major recommendations made by the committee and ac- 
cepted by the General Assembly include the establishment of an 
international launch facility (at Thumba, India) for sounding rock- 
ets, sponsored by the UN and available to all of its members; 
the compilation and organization of information by the UN re- 
garding space probes, and the coordination pf efforts between 
UN officii and international scientific organizations. 

i I The Worid MeteoroIogicaJ Organization 

The\Worid Meteorological Orgknizadon (WMO) became a spe- 
cialized agency of the United Nations in 1951. Its major funaion 
is to promote international cooperation in weather observation to 
improve weather services. This funaion has brought the crea- 
t tion of a worldwide network of weather stations. This network of 
stations will eventually enable national weather services to use 
pictxires that depia weather conditions throughout the world. 

The comidg of the space age brought important changes in ^ the 
field of meteorolo^. Entirely new techniques became possible. 
For example, the ability to photograph the earth from an orbit- 
ing satellite meant that storms could be located and traced from 
their birth even though they were far away from conventional ob- 
scrvatioa stations. It became possible to draV a world weather 
map with much greater speed, accuracy, detailAand coverage than 
ever before. * > \. 

The change in this science was so great and its value so im- 
mediate that weatfier services were among the first to make prac- 
tical use of spacjl technology. To the World Meteorological Or- 
ganization went pe\ask of applying this new technology to its 
previous funSObir and of contributing to the meteorological aspects 
of future man-made satellites. 

Space activitfes have become a vital part of the WMO opera- 
tion, the Worid ^[gather Watch, which operates on the basis of 
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four-year phases, the first beginning in 1968. The current phase, 
1972-1975, is concentrating on filling the gaps in needed cov- 
erage The Global Observation System urgently needs addition^) 
surface and upper air observation stations in the tropics, the South- 
f em Hemisphere, and the ocean areas of the Northern Hemisphere. 
Xhe ocean areas are the most Critical^ but, even in overland areas, 
significant gaps exist in certain portions of Brazil, in the desert' 
regions of North Africa and Southeast Asia, and in parts of the 
South Pacific. When the current goals are completed, every na- 
tion of the world will have improved weather information and 
forecasting. For many years, we|ther has been the enemy of un- 
derdeveloped countries and mcfustrial nations, today, the United^ 
Nations, throu gh j atemational cooperation, is seeking a solution' 
to the probleinTwhen the, World Weather Watch is completely 
operational, perhaps such tragedies as that which occurred in 
Bangladesh will be significantly reduced * * 

CONCLUSION 

The^ost importax^ point to remember in this chapter is that 
space exploration is truly international, with over y80 percenV of 
the nations of the world participating in some way. Many na- 
tions have felt the combined urges of exploration and nation^ 
pride and launched their own programs. At the same time) groups 
of nations have worTced together to cut costs and share informa- 
tion; the three most significant ^examples are ELDO, ESRO, and 
the UN. Such programs have led to mtematiofial satellite activity, 
resulting m British, Canadian, French, Australian, Italian, German, 
Japanese, Chinese, ESRO, aiia NATO satellites m orbit with those 
of the United States .and.fne Soviet Union. And most importantly, 
the benefits of space e:q)lo^fion have been brought to the com- 
mon people through such cooperative programs as educational 
television by satellite (Brazil and India) and the World Weather 
Watdi(UN). . 

WORDS, PHRASES. AND NAMES TO RE.VIE.MBER. 

Etiropean Spabe Research Organization (ESRO) 
Etiropean Launcher Development Organization (ELDO) 
HEOS 
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European Conference for Telecommunications by Satellite (CETSj 

Committee for European Space Reseaith (EUROSPACE) 

International Aeronautical Federation 

Ariel 

Skynet 

X.3 

Black Arrow 

Jodrell Bank Radio Telescope 

San Marco • 

Satto di Quirra 

GHz 

• Small Astronomy Satellite (SAS-A) 
SIRIO 

Diamant (dyah-MAWN) 

Europa 
^ Coralie (ko-rah-LE]g) 
^ Dial 

Peole (pay-OHL) 

Guina Space Center 

SRET 

Symphonic * ' , 

v^Izur • \ * 

Helios ' I 
Astronomical Netherlands Satellite (AN^ , ^ ^ ^ 

Inter-American Committee for Spape Ffesearch (lACSR) ' 
ft e' Inter-American Meteorological Sounding Rocket Netwpfk 
^-:^louette (ahl-WET) 
Isis 

Intematloni! Satellite for Ionosphere Studies 
Churchill Rocket Research Range ' 
Black Brant 

Mar del Plata (mar-thel PLAH-tah> 
/ Weapons Research Establishftient Satellite (WRESAT) 
Pencil A . 

OsumiXph-500-me) 

ShinseilSHIN-say) ^ , - 

REX >i * 

Mu4s . ' *^ 

Kagoshima Launch Range (kah-go-SHEEnnaH) 
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China 1 

United Nations Space Registry (UNSR) 

United, Nations Committee on the Peaceful Uses of Outer Space 
World Meteorological Organization (WMO) 
World Weather Watch 



1. ELDO and ESRO tre two Important organizations involved with Interna- 
tional cooperatTon In space. What do these acron>ms stand for and what 
arc the functions of these organizations? 

2. ^liat European nations ab^ady have a satellite In orbit? 

3. Name two hiternational programs located hi the Western Hemisphere. 

4. What American nations, berfdcs the United Sutes, are actiyely hivolved 
In signiflcant space efforts? 

5. What Australia*Asian nations hare satellites in orbit. 

6. Name any three satellites, other than US or Soviet satellites, and desig- 
nate the nation that owns them. 

7. List three major contributions to International space cooperation made 
by the United Nations. 

8. What is the WMO and what major worldwide program does It operate? 



1. In view of the questionable status of both ESRO and ELDO in a chang- 
mg Europe, give a report on the current status of these organizations 
Be sure to include such information as projects, budget, membership, and 

. any highly successful ventures. 

2. To keep up with the advances of smaller nations, write to their embassies 
for current information. Do not stop with the nations listed in this chapter; 
also consult any nation that you feel has the necessary technology to 
attempt space exploration. A list of embassy addresses should be available 
from the almanac. 

3. To understand the unique problem of Japan in developing a guidance 
system under post-World War II restrictions, report on gyroscopic stabili- 
zatuML This can be done by demonstrating and explaining the functions of 
a sdEjc gyroscope and then relating the principle to a spilling satellite 
Keep in mmd that the satellite spun on an axis that was parallel to the 
carth*s surface. 

SUGGESTIONS FOR FURTHER READING 

Frutkin, Arnold W. International Cooperation in Space. Englewood Cliffs, ^ 
New Jersey: Prentice-Hall, 1965, Chapters 2,4. 
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Office of International Affairs. International Space Programs. National Aero- 
nautics and Space Administration, Jan 1971. * a 

U S , Congress, House, Committee on Science and Astronautics, Subcortimittee 
on International Cooperation in Science and Space, A General Review of 
International Cooperation in Science and Space, 92nd Cong. 1st scss. 1971. 

"China Joins the Space Age»" Science News, 2 May 1970, 
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When the Wright brothers began the conquest of vertical space 
at Kitty Hawk, North Carolina, decades before the first Sputnik, 
they began the creation of space law. As the decades passed, the 
world progressed from free air space to national air laws and, finally, 
to mtemational air laws. Although many mtemational agreements 
were made, the one which had the greatest impact on space law 
was signed at the 1944 Chic^o Conventioa (Fig 79). Under this 
agreement, nation states were given unlnmted sovereignty over the 
aerospace above their territory and each country was given the 
jurisdiction to enforce law within its territory. 

Influenced by this belief in tot^ sovereignty, some Americans 
wanted to shoot down the Russian Sputnik, clauning a violation 
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of international law. In this case, the Sputnik was a legal act, not 
a violation of international law. However, it was legal only because 
in 1955 an mtemational agreement had proclaimed 1957-1958 the 
first International Geophysical Year (IGY) and made satellites legal 
during that period. The legality of satellite lauh^hed after 1958| 
and the jurisdictional authority to declare them legal are still an 
open question. 

, JURISDICTION AND SOVEREIGNTY 

The issue of jurisdiction and sovereignty covers much more 
"■"^niian whose sky is being used. It also desis with ownership of 
space ^vehicles, authority to make laws governing human and na- 
tional activity, and courts that can punish offenders. Jarisdidiony 
the power and authority to interpret and apply law, and sover- 
eignty, freedom from extemaT control, are extr^nely important 
to international space law. 

The interaction of jurisdiction and sovereignty has been a ma- 
jor source of conflict. Without power of jurisdiction, no country 
could ever punish a lawbreaker, regardless of how many people 
agreed that the law had been violated. Laws are meaningless 
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unless someone has the power to enforce thtm, Ccrnsequcntl^^j 
at the national**ifevcl, proper jurisdiction Ms essential to national 
sovereignty. There appears to be an insoluble conflict, however, 
between national sovereignty and international^ jurisdiction. Juris- 
diction is necessary for sovereignty at the national levc{; a re- 
duction in sovereignty is necessary for jurisdiction at the inter- 
national level. For example, if the UN was given jurisdiction over 
military operations in aerospace, it would not only protect coun- 
tries from' each other but would control what each country did 
above its own territory. . ^ 

How can law and order be established In space until this issu^ 
is resolved? If Jhpsa.,^^ offend sovereigtaty pannot be punished 
because no one has the necessary jurisdic|ion,. then therje i^ »no 
sovereignty. However, if jurisdictional control is surrendered to 
someone else, there still is no sovereignty. A solution, of course, 
would be for nations to forget about national sovereignty and in-^ 
vest jurisdictional control in a set of rules to protect everyone, 
such as a treaty to submit to the rulings of the Intematic 
Court/ Apoth^f cure would be world government. To dc/ the 
latter nation-states would have to agree on thb form of TOvern-' 
ment used to adnynister the rules. Some would consent p noth- 
ing but a republic, like the United States; others would have 
only a socialist government, Hike the Soviet Union. 0|)viously, a 
world state today js beyond t}ie realm of practicality m the af- 
fairs of nation states. ^ 

^To date, we have attempted to bridge these gaps "with a patch- 
work System of treaties, intematfonar agreements, discussions, and 
arbitrary limits to sovereignty (called .lines of demarcation); a little 
sovereignty is. surrendered for* a^ little cooperation^ Until the more 
basic ideold^es. (beliefs) of nations are made compatil)le, juriB- 
''diction will probably remain the key to future developments in 
space law. * ' ^ ^ 

""iTieorles of Demarcatioa . <r / 

After the launch of Sputnik I, nations were so\x)ncemed about 
proving that there had been a violation of national sovereiggjty that 
they ietreated to the ancient Roman law,-* Usque ad Coelum 
(up to "the heavens). Under this ancient law a.mUn owned every- 
thing about his land up to the heavens (Fig 80). 'Now that an 
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FIgur* 80. Usqu* ond Co«lum— up to th« h«aY«nt. 

established precedent had b^en found, the only remaining prob- 
lem was to determine where}\overeignty ended and heaven began. 
The foll6wing are examples of some of the current theories. 

Gravitation '^eory, — The Gravitation Theory, also known* as 
the Kroell-Rink niftory, links sovereignty to the outer Umits of 
the eartM gravltationil pull. Professor Rink estimates 'such 
a boundary as/being 1.5 million km (900,000 mile^) above the 
earth's surface. Thii would mean not only that all satellites are 
in violation of national sovereignty but tha^ the ownership of Uie 
moon changes hands ctftistantly as it passes over the territory 
of first one nation and then another. 

Airspace Theory. — Under the Airspace Theory, the outer limits 
of sovereignty and atmosphere are the same. Since this is much 
more sensible than the gravitation theory, it has received more 
consideration. However, there is one major difficulty in the theory. 
It is extremely difficult to establish clearly the end of the atmos- 
phere. In attempting to do this, three different subtheories have 
been developed. 

(1) Atmosphere Theory; Under this theory, sovereignty ends 
when there is no longer any atmosphere present. Though still 
_ difficult jo judge clearly, it would be easier , than attempting to 
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determine what concentration of molecules constituted atmos- 
phere and what did not, as the general airspace theory implies 
would be necessary. 

(2) Aerodynamic Theory; This theory is based on atmosphe^^ 
properties rather than atmospheric presence. The lower layers of^^ 
the atmosphere provide the aerodynamic lift necessary for the flight 
of aircraft and for the action of the internal combustion engine. 
Thus, that point where aircraft can no longer fly because of a 
lack of aerodynamic lift marks the beginning of free space. There 
is an understood agreement among the great powers that outer 
space begins where vehicles no longer get any support from the 
air (60 miles or 100 km). For example, US pilots are awarded 
astronauts wings for sustained flight above 50 miles (AFM 35-13). 

(3) Biological Theory: Primarily the work oX LeGoff -in 1934, 
the biological theory is a definition of atmosphere based on hu- 
man life. Since atmosphere comes from the Greek word "atmos," 
which means "breath," only the layer of air that sustains life 
by breathing is properly labeled atmosphere. This would mean 
that the "air" surrounding mountain tops higher than approxi- 
mately 10 miles would be in free space and outside of national 
jurisdiction. 

Theory of satellite orbit — Akin to the atmosphere theory is the 
concept that the boundary of state sovereignty should be drawn 
at the lowest level at which a satellite can be put into orbit. 
Theoretically, it should be possible to orbit a satellite near the 
beginning of the atmosphere, providing the satellite has enough 
speed. The lowest level of orbital injection attained thus far 
has been 140 km (US Mercury, Friendship 7). 

The von Karman Line. — The von Karman Line is very similar 
to both the aerodynamic theory and the theory of satellite orbit, 
although much more technical (Fig 81). Compared to the aero- 
dynamic and satellite orbit theories, it is mathematically explicit. 
The line is drawn under the following conditions. 

• Air and space travel depend, among other things, on aero- 
. dynamic lift and centrifugal force, respectively, 

• There is a point where centrifugal force takes over and 
the aerodynamic l^t is gone" 

• This point, approximately 83 km or 275,000 feet, is the 
von Karman line. 
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VON KARMAN LINE 

I 



275,000 FT 




Figur* 8K Th« Von Karman Lin*. This theory of demarcation hat wld* int«mationat 

support. 

* 

Theory of effective control — This theory proposes that a na- 
tion has the right to claim sovereignty over whatever it has the 
power to control effectively. For our purposes, effective control 
would mean the power to prevent unauthorized flights. Under 
this concept, the ^previously discussed intercept and destruct satel- 
lites of the Sj^et Union could mean unlimited sovereignty for 
the Soviets, while nations like Switzerland, Thailand, and Bolivia 
would have limited sovereignty. Such a system would not only be 
unfair, but it would increase world tension and confrontations and 
be highly variable with changing weapons and space programs. 

Interest Theory. — In a more idealistic realm lies the interest 
theory. This is based o'n the presumption that a nation's sover- 
eignty extends as far as its national interest. Likewise, a nation 
has no right to halt or protest activities within its jurisdiction 
that do not affect its national interest. Unfortimately, such a 
concept not only fails to make a clear division between air space 
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and outer space, but it motivates one-sided decisions by nation- 
states, in the absence of an international agreement 

Secority Theory. — Although security should play an unportant 
role in choosing a method of demarcation, it provides at best 
a poor method in and of itself. Different nations have different 
security problems, at different times, and in different areas, all of 
whici are subject to rapid change and one-sided decision making. 
Security should be a by-product of an effective line of demar- 
cation, but security alone is incapable of providmg a reasonable 
division. 

Comnt StMpjs 

To date, no single system of demarcation has emerged as 
a chosen international standard (Fig 82). However, this does not 
mean that the field has not been narrowed, nor does it imply 
that there are no favorite theories. The theories of gravitation, 
effective control, interest, biological atmosphere, and security have 
all been discarded because they are either impossible to adminis- 
ter or unreMistic in their scope, or both. The theory of satellite 
orbit has been blocked by a failure to define a satellite. This 




Rgwrt 82. ^^any ih«ori«vFiaY« b«*n propoMd for a dtr^rcailon fin* b«twt«n 
otrospoc* ond oiit«r spac«. No univtrtol standord has yti i%4n agr*«d vpon b/ 
th« notions of th« world. 

\ * 

129 



ERIC 



INTERNATIONAL SPACE PROGRAMS 



leaves only the atmosphere, aerodynamic, and von Karman Line 
theories. Since all three theories are interrelated and overlapping, 
a $3s^ cannot be made for any one to the exclusion of the other 
two^JThe von Karman Line, however, probably has the greatest 
international support because it is definite in its formula and is 
based on acceptable principles and analysis. Still, there is no uni- 
versal standard, and there probably will not be one for quite 
some time. 

PROGRESS AND PROMISE 

This section deals with four areas: the rules space today; 
(2) law by treaty; (3) cunent questions; and (4) future ques- 
tions. 

The Raits of'Space Todjqr 

^ace is a medium in which many activities may take place. 
Space is free for general use, as are the high seas, and the mere 
use of the medium is not prohibited. On the high seas, ships of 
war, as well as merchant ships, are permitted to move freely 
in innocent passage without violating peaceful behavior. As we 
shall see, in space, certain prohibitions have been added Space 
shall not be used to orbit weapons of mass destruction, with 
the exception that armed ICBMs can pass through space. Like- 
wise, it is not permissible to conduct military operations on other 
celestial bodies. 

Law by lYeity 

At the international level, there are two sources of law: cus- 
tom and treaty. From Sputnik (1957) to the Treaty on Outer 
Space (1967), custom was the only source of active law relating 
to space. This does not mean, however, that progress was not ' 
being made toward the formulation of laws and agreements. The 
niore notable actions preceding 1967 were the Atlantic Treaty of 
1959, the United Nations Declaration of Legal Principles Gov- 
erning the Activities of States in the Exploration and Use of 
Outer Space, adopted by the General Assembly in 1963, and the 
resolution adopted by the General Assembly in 1963 that calls 
upon states not to station weapons of mass destnictiqfWJrtpace, 
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whether in orbit around the earth, on celestial bodies, or other-r 
wise All that 'these declarations of principles accomplished was a 
stating of world reaction to satellites. Castom remained the source 
of space law. 

Finally, in 1967, the universal rule of custom was changed 
by the signing of the Outer Space Treaty. Despite President 
Lyndon Johnson*s assessment, ,"The Treaty is an outstanding ex- 
ample of how the law and political arrangements can keep pace 
with science and technology," it had taken . nearly a decade for 
law and political arrangements to catch up with just a few of 
the questions raised by Sputnik 1. Despite its late appearance, 
the Outer Space Treaty proved to be a well-balanced and com- 
plete international agreement. 

Establishing a balance between rights and obligations was of 
particular concern to the treaty negotiators. It was recognized that, 
while only a limited number of states might enter outer space, 
such activities could affect the well being of everyone on this 
planet and in the earth*s environment- Funhcr, it was recog- 
nized that, when man extends his activites beyond the earth, he 
ought to do so as more than just the representative of a single 
nation state. Thus, the treaty speaks of astronauts as "envoys of 
mankind" (Article V) and considers the exploration and use of 
celestial bodies to be for the benefit of all mankind (Article I), 
Knowledge derived from space will be made available to scien- 
tists of all nations (Article XT), The importance of avoiding 
harmful contamination of the earth as well as of celestial bodies 
is dealt with in the treaty (Article IX). The provisions of Iiabilit> 
(Article VIR, interference with other countries' space activities 
(Article XII) and assistance to and return of astronauts (Article 
V) are part of the balance of rights and obligations that are char- 
acteristic of any successful negotiating effort. 

The treaty is also balanced between principles having immediate 
application and others whose usefulness will be proven in future 
years Among the principles of immediate importance arc the pro- 
visions on liability, the obligation unconditionally to assist and re- 
turn astronauts, and the obligation to report any findings that 
bear on the safety of astronauts (Article V, Fig. 83). These can 
be of direct importance m the carrying forward of national space 
programs Among the broad principles that will grow in signifi- 



131 



ERIC 




INTERNATIONAL »ACB PROOXAMS 




Rgtirt 83. In coms of ocddtnl or amtrotncy attronovh thall rtnd«r all passibit 
ossittonc* to oslronauts of anoth«r pcrty to th* tr«oty (t«« Appendix C, Aiildt 
V, OvHT Spec* Tftoty, 1W7,) 



cance are those applying international law and the United Natiom 
Charter to the activities of states in outer space (Article ID), 
insuring freedom of exploration (Article I), and barring national 
appropriation of outer space and celestial bodies (Article II). 

Finally, the treaty's anps-control provisions (Article IV, Rg. 
84) are of immediate and particular importance to every nation's 
security. Parties to the treaty agree not to place in orbit around 
the earth any objects carrying nuclear weapons or any other kind 
of weiapons of mass destruction, nor to install such weapons on 
celestial bodies, nor to station such weapons in outer space in any 
other manner. Parties to the treaty will use the moon and other 
celestial bodies exclusively for peaceful purposes. They will not es- 
tablish military bases, installations, or fortifications and will ab- 
stain from testing any types of weapons or conducting military 
maneuvers on celestial bodies. There is, of course, no prohibit 
tion on the use of military personnel and equipment for peace- 
ful scientific purposes, 
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To supplement" arms control measures, the treaty con- 
tains provisions whicii; together with developing national capa- 
bilities, will permit adequate verification that the treaty is being 
observed Article I permits free access to all areas of celestial 
bodies. Article XII (Fig. 85) provides that all stations, installa- 
tions, equipment, and space vehicles on the moon and other 
celestial bodies shall be open to representatives of other parties 
to the treaty. In addition, outer space and celestial bodies are 
declared free for exploration and use by all states and the treaty 
provides that outer space i& not subject to national appropriation. 
The problems of military security, which are related to this treaty, 
have been examined with great care. The conclusiori of various 
governments' agencies, mcluding those with special responsibility 
for military and defense matters, is that the treaty will contribute 
to world security. 

In conclusion, this treaty is not complete in all possible de- 
tails. It does not deal with all problems that may develop. But 
it is responsive to those problems that can be described and fore- 
cast today, furthermore, the Outer Space Treaty established the 
basis for a legal body to govern the activities of states in outer 
space (Arti/Ic lU). See Appendix C for a copy of the 1967 
Outer Sp^ Treaty. 




ARTICLE IV 



Bgxin 84. Th« moon end othtr c«UtHal boditt an to b« vfd •xdutlvtly for 
ptoc»ful purpoMi (*»•• Appendix Articft IV, Oottr Spac« Ifoty, 1967). 
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ARTICLE 12 

"'I 

Ft9ur« 85. All octivtfits .on tht moon end a)htr ctttrtial bodits shall b« ap«n to 
r«pr*s«ntativti d othtr pcrtits to tht trtoty (s*« App«ndix C, Artielt XII, Outtr 

Spac» Trwty, 1967), 

The most recent treaty action has been the Rescue and Return 
Agreement (1968). Under this agreement Articles V and VII are 
removed from the Outer Space Treaty and expanded to fill loop- 
holes that developed in the provisions covering rescue and retiun 
of astronauts and space equipment. The Rescue and Return 
Agreement was necessary to define the meaning of "envoys of 
mankind/' In the original treaty, astronauts were called envoys 
of mankind who would be unconditionally returned to their coun- 
tries when\ecovered. Under the 1968 agreement, all parties to the 
treaty were ^ade responsible for the immediate assistance and re- 
covery of astronauts in trouble (Fig. 86). Further, all parties 
were responsible for the prompt and unconditional return of as- 
tronauts (Fig. 87). Shnilar expansion was also accorded to pro- 
visions on ownership of equipment recovered from space. The 
Outer Space Treaty had assured the launching nation ownership, 
while the 1968 agreement assured the return of such property. 
See Appendix D for a copy of the 1968 Rescue and Return 
Agreement 
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Rgor* 87. If astronauts w«r« to acad«ntly lan<f In territory belonging to another 
party to the treaty, they shall be safely and promptfy returned to their own 
representatives (see Appendix D, Article A, Rescue and Return Agreement, 1968), 
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Current Questions 

The term outer ^ace (or "cosmic space" in Eastern circles) 
is commonly used in^ntemational agreements, UN Asolutions, and 
the Outer Space Treaty. Therefore, it is only natural that the ques- 
tion has been rais^ as to what the term means and how it can 
be defined. The region of air space is subject to national sov- 
ereignty, while outer space is free for exploration and use under 
the conditions established summarily by the Outer Space Treaty 
of 1967. If this argument has not already begun to soimd fa- 
miliar, it is simply the same old sovereignty-jurisdiction issue with 
no firm definition of a line of demarcation. The sovereignty- 
jurisdiction issue also affects the ability of the Outer Space Treaty 
and the United Nations in formulating and administering effec- 
tive space law. Until a definition of outer space is officially 
• established, the Outer Space Treaty is a law with no jurisdic- 
tional enforcement. 

The problem of mtemational liability is closely * connected with 
numerous political, economic, and social problems. For this rea- 
son, the establishment of the detailed rules and procedures con- 
nected with mtemational liability have proven difficult to nego- 
tiate, even though the Space Treaty established the principle , of 
mtemational liability for damage caused by space activities (Fig. 
88). Numerous problems connected with intemational liability re- 
main imsolved: liability for nuclear damage, the limit on the 
amount of compensation, laws governing the assessment of dam- 
ages, jomt liability of states and mtemational organizations, and, 
in particular, third party settlement procedures for claims. The 
Soviet Union refuses to admit the jurisdiction of the Court of 
Intemational Justice. It is also reluctant to place intemational or- 
ganizations on a par with states as far as rights and responsibilities 
are concemed, and, for reasons not altogether clear, it insists on 
the exclusion of nuclear damage from the general treaty on lia- 
bility. As a result of these combined difficulties, it is still impos- 
sible to answer the rhetorical question, "Who pays you when a 
^tdlite falls on your cow?" If it happens, the lucky farmer will 
find that it was a US satellite, in which case he* will probably 
get at least the current market value of the cow. An unlucky 
farmer will find that the satellite was foreign made and that 
there are no provisions for compensation. 
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INJURIES 



Rflure 88. Th« qu«tt}«n ol comp«ns<itIan for p«r»onal Injury or Joss r«matnt 



unonsw*r*d. 



Fntmre Qaestioni 

Even though the Outer Space Treaty has akeady established 
the framework in which future problems can be handled, there ^st 
several questions that should be considered in advancp so Jhat 
we need not wait a decade for a legal solution. 

At present, there is no provision for arrest and punishment of 
civilians who might commit murder, robbery, or similar crimes' 
on the moon or other celestial bodies (Fig 89). Only those 
subject to the Uniform Code of Military Justice (UCMJ), which 
has universal jurisdiction, could be punished. As long as outer 
space is defined as free from the jurisdiction of a country, it is 
also free from the jurisdiction of criminal courts in those coun- 
tries. Therefore, if a civilian or member of a foreign military ser- 
vice should kill anyone in outer space, he currently ,could not be 
punished. Qearly a Space Crimmal Code should be prepared in 
advance of any violation. 
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Jigvrm 89. Thtr» ft a n»^, for a Spac« Grimirrol C<>d4 to* dtalj with crfmti in 
% tpaf oit^Mttstlol bocKts. ' 



Further, a space ^plated definkion of weapons is needed. Many 
earth "fools" could easily ^become Jethal weapons^in outer space 
for use against humanity or property. Al&ough the Outer Space 
Treaty prohibits weapons of mass destruction, it is based on an 
earth concept of weapons. Without .gravity or atinosphere, a wide 
variety of sunple ^ gressur^, magnetic, and recoil took would 
be capable .of* building up the necessary speed and force ^to be 
highly destructive in space. * ' * ^ , * % 

\ ^Finally, a civil corfe • for " outer space' should be developed' to 
protect the consumer frcSm* negligence and fulfilled contracts., 
''After all, if you purch?ise an advance round-trip rcservatign to the 
-moon from* Pan-Am, it wcSuTd be to your advantage if, thes. kmc} of 
civil laws that made Jthein fulfill the -contract on earth would be 
there to prevent ,thQm from Ifeaving you on fhe moon.' Further, 
s*&6uld you iurt yourself while, deplaning On the Moon, you woqM 
find fcgmfor^ in a ,systehi^,of civil •'torts ta assure . compensh'tion. ' 
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• - , , CONCLUSION 

The field of space law is new and growing, even more so than 
space exploration. While much of the /necessary work has been 
• done, agreement is still needed on the definitions- that 'will provide 
• . a foundation for what has akfeady been done. '.The rule of cus- 
tom has been challenged by the articles of 'the Outer Space Treaty, 
. but,' ISO far, custom still rules outer space (whatever it is). 

' WORDS, PHRASES, AND NAMES TO REMEMBER 
Chicago Conventien 

jurisdiction « * ^ , ' 

sovereignty 

lines of demarcation " • ' 
.usque ad coelum (OOS-quay odd KOY-luhm) ' 

• GravitatioQ TTiepry * 
Airspace Theory* , . * ' 
Atmosphere .Theory . * , 

^ Aerodynamic Theory - . ' ' 

•Biological Theory 

Theory of satellite orbit , ^ ' • 

The vojiKarmarf Lme ^ - 
Theory of effective control - - ' 

laterest Theory^ 
Security Theory . 
^ Treaty^^Outer Space 
Rescue and Return Agreement * . 

*Q U E S T X O N S 
« 

1. What^was the IGY-and why w»s it important? 

2. Name two international agreements (or treaties) that preceded the Outer 
Space Treaty. • * ^ 

• 3. >\;$at Is the key issue in* space law today?" - * 

4/ List and define four theories of demarcation. 
* • » * • 

5. What* ancient Roman legal principal did international attorneys, retreat 
to in theh- search for a basis for space Uw? * 

6. List and ciefine the two "balances" written Into the Outer Space Treaty. 

7. What are the arms control provisions of tlje Outer Space Treaty? • - 
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8. What provisioiis tre i2U|de to verify treaty observation? 

ST. What does tiie Outer Space. Treaty provide for future developments in 
space law? 

10. What major space treaty followed the Outer Space Treaty? 

11. List two unsolved questions of today in space law. 

12. List two unsolved questions of tomorrow hi spaj:e law. 

» 

THINGS TO DO 

1. Report to the class any recent developments in the current or future 
questions in ^pace law. ' i 

2. Conduct a class discussioh to^devplop and justify your own theory of 

demarcation. , 

• ^ * 

3. Bring to thp attention of the class any offers that you notice for moon 
real estate^ round-trip reservation^ to the moon» moon insurance, moon 
resort reservations, eg- any other attempt to conunercialiv outer space. 

4. In recent years, ihere have been reportings of satellites cra^ng to earth 
after orbit .decay. Report to the clals on any such incident that, you may 
find. Be sure 'to note any impact on unanswered questions of space law, 
such as liability for damages. 

SUGGEs'tION^ for FURTHER READING 

~\ 

Cooper, John Cobb. Explorations in Aerospace Law, Edited by Ivan A. Vlasic. 
. Montreal: McGill Uniyersit^^ess, 1968. . 

Fawcett. JJE.S. Intemaulmal Law and^he Uses of Other Space. Dobbs Ferry, 

New Yofk^O«5afia Publications, Inc, 1968. 
FRutKiN, Arnold W. International Cooperation in Space. Englewood Cliffs, 

New Jersey: PrentiCe Hall, 1965, Chapter 1. 
Gal, Gyula. Space Law^ Translated by \. Mora. Dobbs Ferry, New York: * 

Oceana Publications, Inc, 1969. 
Jones, Erin Bain. Earth Satellite Telecommunications Systems and Inter- 
national Law. Austin, Texas: University of Texas, 1970. 
U.S.,^ Cong., Senate, Committee on Aeronautical arid Space Sciences^ Soviet 

Spqce Programs, 1966-7(^, 92nd Cong, 1st sess,' 1971, Chapter 12. 
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Treaty on principles governing the activities of states 
in the exploration and use of outer space, including 
the moon and other celestial bodies 

^ The Stales Parties to this Treaty, 

Inspired by the great prospects opening up before mankind as 
a result of man's entry into outer space. 

Recognizinejhe common interest of all mankind in the progress 
of the exploraHipn and \ise of outer space for peaceful purposes. 

Believing that the exploration and use of outer space should be 
carried on for the'^^Jbenefit of all peoples irrespective of the degree 
of their economic or scientific development. 

Desiring to contribute to broad international co-operation in the 
scientific as weir..as--tlie legal aspects of the exploration and use 
of outer space ror peacefnj^ purposes. 

Believing thatVuch co-operation will continue to the develop- 
ment of mutual understanding and to the strengthening of friendl> 
relations between States and peoples. ^ 

Recalling resolution 1962 (XVIII), entitled "Declaratu?n of Le- 
gal Principles Governing the Activities of States in the"^xploration 
and Use of Outer Space'', which was adopted unanimously by the 
United Nations General Assembly on 13 December 1963. 

Recalling resolution 1884 (XVIII), calling upon States to re- 
frain from placing in orbit around the Earth any objects carry- 
ing nuclear weapons or any other kinds of weapons of mass 
destruction or from installing such weapons on celestial bodies, 
which was adopted unanimously by the United Nations General 
Assembly on 17 October 1963. 

Taking account of United Nations General Assembly resolution 
110 (II) of 3 November 1947, which condemned propaganda de- 
signed or hkel> to provoke or encourage any threat to the peace, 
breach of the peace or act of aggression, and considering that 
the aforementioned resolution is applicable to outer space. 

Convinced that a Treaty on Principfes Governing the Activities 
of States in the Exploration and Use of Outer Space, including 
the Moon and Other Celestial Bodies, will further the Purposes 

rd Principles of the Charter of the United Nations, 
Have agreed on the following: 

\ 
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ARTICLE I 



The exploration and use of outer space, including the .moon 
and other celestial bodies, shall be carried out for the benefit 
and in the interests of aU countries, irrespective-^ their degree 
of economic or scientific development, and shall be the province 
of all mankind. 

Outer space, including the moon and other celetial bodies, 
shall be free for exploration and use by all States without dis- 
crimination of any kind, on a basis of equality and in accord- 
ance with international law, and there shall be free access to all 
areas of celestial bodies. y 

There shall be freedom of scienffic investigation in outer space 
including the moon and other celesHal bodies, and Stales shall 
facilitate and encourage international co-operation in such in- 
vestigation, ^'^"--v 

ARTICLE II 

Outer space, including the moojv-and other celestial bodij*^ is not 
subject to national appropriatiorfby claihv of sovereigntyfby means 
of use or occupation, or by any other means. 




ARTICLE III 



State Parties to the Treaty shall carry on activities in the explo- 
ration and use of outer space including the moon and Other celes- 
tial bodies, in accordance with international law, including the 
Charter of the United Nations, in the interest of maintaining in- 
ternational peace and security and promoting international co- 
operation and understanding. 



^PfflCbE 



IV 



Stales Parlies to the Treaty undertake not to place in orbit 
around the Earth any objects carrying nuclear weapons or any 
other kinds of weapons of mass destruction, install such weapons 
on celestial bodies, or station such weapons in outer space in 
any other manner. 

The moon and other celestial bodies shall be used' by all 
States Parties to the Treaty exclusively for peaceful purposes. The 
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establishment of military bases, installations and fortifications, the 
testing of any type of weapons and the conduct of military 
maneuvers on celestial bodies shall be forbidden. The use of mili- 
tary personnel for scientific research or for any other peaceful 
purposes shall not be prohibited. The use of any equipment or 
facility necessary for peaceful exploration of the moon and other 
celestial bodies shall also not be prohibited. 

ARTICLE V 

States Parties to the Treaty shall regard astronauts as envoys 
of mankind in outer ^ space and shall render to them all possible 
^^sdstance in the event of accident, distress, or emergency landing 
on the territory of another State Party or on the high seas. When 
astronauts make such a landing, they shall be safely and promptly 
returned to the State of registry of their space vehicle. 

In carrying on activities in outer space and on celestial bodies, 
the astronauts of one State Party shall render all possible assist- 
ance to the astronauts of other States Parties. 

States Parties to the Treaty shall immediately inform the other 
States Parties to the Treaty or the Secretary-General of the 
United Nations of any phenomena they discover in outer space, 
including the moon and other celestial bodies, which could con- 
stitute a danger to the life or health of astronauts. 

ARTICLE VI 

States Parties to the Treaty sljall bearj^ternational responsi- 
bility for national activities in outer spaff; including the moon 
and other celestial bodies, whether such activities are carried on 
by governmental agencies or by non-governmental entities, and 
for assuring that national activities are carried out in conformity 
with the provisions set forth in the present Treaty. The activities 
of non-governmental entities in outer space, including the moon 
and 'other celestial bodies, shall require authorization and con- 
tinuing supervision by the appropriate State Party to the Treaty. 
When activities are carried on in outer space, including the moon 
and other celestial bodies, by an international organization, re- 
sponsibility for compliance with this Treaty shall be borne both 
by the international organization and by the' States Parties to the 
Treaty participating in such organization. 
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ARTICLE VII 



Each State Party, to the Treaty that launches or procures the 
launching of an object into outer space, including the moon and 
other celestial bodies, and each State Party from whose territory 
orj facility an object is launched, is internationally liable for dam«- 
ag^ to another State Party to the Treaty or to its natural or 
juridical persons by such object or its component parts on the 
Ea^th, in air space or in outer space, including the moon and 
other celestial bodies 



ARTICLE VIII 




A i State Party to the Treaty on whose registry an object 
launched into outer space is carried shall retain jurisdiction and 
contrbj over such object, and over any personnel thereof, while 
in outer space or on a celestial body. Ownership of objects 
launched into outer space, including objects landed or constructed 
on a qelesUal 6ody, and of their component parts, is not af- 
fected their presence in outer space or on a celestial body or 
by their return to the Earth. Such objects or component parts 
found beyond the limits of the State Party to the Treaty on 
whbse registry they are carried shall be returned to that State 
Party, which shall, upon request, furnish identifying data prior 
to their return. 

ARTICLE IX 

In the exploration and use of outer space, including the moon 
and other celestial bodies. States Parties to the Treaty shall be 
guided by the principle of co-operation and mutual assistance and 
shaU conduct all their activities in outer space, including the moon 
and other celestial bodies, with due regard to the corresponding 
interests of all other States Parties to the Treaty. States Parties 
to the Ti^eaty shall pursue studies of outer space, including the 
moon and other celestial bodies, and conduct exploration of them 
so as to avoid their harmful contamination and also adverse 
changes In the environment of the Earth resulting from the intro- 
duction of extraterrestrial matter and, where necessary, shall 
adopt appropriate measures for this purpose. If a State Party to 
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the Treaty has reason to believe that an^ activity or experiment 
•planned by it or its nationals, in outer space.* 'includinl tfte nao6n 
and other celestial bojiies, )vould cau^e.4>otentia)ly fiarmful mteh 
fer^nce with activities of other* States parties in tho. peaceful e;^'- 
ploration ail(^,use of outer space, including the moon .and [other 
celestial, bodies, it shall uadertake appropriate internati6hal. cph- ^ 
SultationSs before proceeding with any sUcb activity or experi- 
ment. A ^tat.e Party" to the Treaty which *has reason 'to believe 
that an activity or experiment planned by another ^State Patty 
in outer space, including the moon and other celestial bodies, 
would cause potentially liarmful interference with activities in the 
peaceful exploration 'and , use of outer sp^ce„ including the m^on 
and otHer celestial bodies, may request coli^ultation concerning 
the actiyity or equipment. - ' ^ ^ 

' * " • ARTICLE X " . . * ^ 

In order fo promote international cO-operatioa in th© explora- 
tion and use of outer space, including the moon and qthef Celestial 
bodies, in conformity with the purposes of this Treaty, -the States 
Parties to the Treaty^ shall x:onsider on a basis of the equality 
any requests by other States Parties *to the Treat}^ to be afforded 
an opportunity to observe the flight of space objects launched 
by those States. . , 

The nature of such an opportunity for observation and the 
conditions under which it could be ^afforded shall be determined 
by agreement between the States concerned. 

ARTICLE XI 

In order to promote international co-operation in the peaceful 
exploration and use of outer space, States Parties to the Treaty 
conducting activities in outer sp^ce, including the moon* and other 
celestial bddies, agree to inform the Secretary-General of the 
United Nations as well a^ the public *and the international scien- 
tific community, to the greatest extent feasible and practicable, of 
the nature, conduct, locations and results of such activities. On 
receiving the said information, the Secretary-General of , the 
United Nations should be prepared to disseminate it immediately 
and effectively. . 
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ARTICLE Xll 

All stations, installations, equipment and space yehicles on ,the 
moon and other celestial bodies shall be open tOo'ijepresentatiyes 
of other States Parties to the Treaty on a ba^fs " of reciprocity. 
Such representatives shall give reasonable' advance notice of a 
projected visit, in order that appropriate consultations may be Jield 
and^ that maximum precautions may be ta^en to assure safety' and 
to avoid interference with normal operations \rf the facility to be 
• visited. • * . « 

. 1* . » " ♦ 

ARTICLE Xlil 

The provisions, of this Treaty sharll apply to the activities of 
Staters Parties to the Treaty in the exploration and use of outer 
spacp, including the moon and other celestial bodies, whether 
sych activities ar& carried on by a single State Party to the Treaty 
or jointly with other States, including cases where they are carried 
on within the framework, of fnternational inter-governmental ott 
ganizations. \ 

Any practical questions arising in connection witt^ activities 
carried on by international mter-govemmental organizations in the 
exploration an^l use of ojuter space, including the moon and other 
celestial bodies, shall be resolved by the States Parties to the 
Treaty either with the appropriate international organization or 
with one or more States members of t|iat international organiza- 
tion, which are Parties to this Treaty. * 

** 

ARTICLE XIV . 

1. This Treaty shall be open to all States for signature. Any 
State which does not sign this Treaty before its entry into force 
'in accor4ance with ^aragrdph 3 of this article may accede to 
it at any time. j 
^ 2. This Treaty shall be subject to ratification by signatory States. 
Instruments of ratification and instruments of accession shall be de- 
posited with the Governments of. the United States of America, the 
United Kingdom of Great Britain and Northern Ireland and the 
Union of Soviet ^locialist Republics, which are hereby designated 
the De^tary Governments. * , ' . 
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3. Tlys Treaty shall enter into force upon the deposit of in- 
struments of ratification by 'five Governments including the G6v- 
ernmenls designated as Depositary Govj^nments under this Treaiy. ^ 

4. For States whose instruments of ratification or accession 'are 
deposited subsequent to the entry into force of this Treaty, it 
shall enter into force on the date of the deposit of their instru- 
ments of ratificatiotj or accessipn. . 

. 5. The Depositary Governments shall promptly inform all signa- 
tory and acceding States of the date of each signature,^ the date 
of deposit of each instrurflenf of ratificafion of and accession ip 
this Treaty, the date of its entry into force and other notices. 

'6. This Treaty shall be registered by tfie Depositary Govern- 
ments pursuant io*Arti^le* 102 of the Charter of the United Na- 
tions/ ' ' ' , . ^ . 

^ • , -ft' 

, ^ . *ai(tigle 

. 'Aoy State Party to thV Treaty may' propose amendments to 
tljls* Treaty*^ Amenthnents shall enter into force for each State* Party 
to the Treaty accepting ,t{i^, amendments', ugon fheir acceptance 
• by a maiprity '6f the, States 1*arties teethe Treaty and thei^eafter . 
for eai^i remaining State Party to the Treaty 6n. the dsle pf 
acce{)tance by^it. « * ' . x ^ 

' ♦ ^ ' • > . * * ' 

AkTlCLE XVI 

Any State Party to the Treaty may gi^e notice of Tt^ withdrawal 
from the Treaty one year after its entry into fori:e by written 
notification to the Depositary Governments. Suclj withdrawal 
shall take -effect one year from the date of receipt of this notifi- 
cation. , * . ' , • 

. ARTICLE XVII . * . ^ 

This Tre^y, of which the English, Russian, French, Spanish 
and Chinese texts are equally authentic, shall be deposited in the 
archives of the Depositary Governments! Duly certified copies of 
this Treaty shall be transmitted by the Depositary Governments 
to the Governments of the signatory and acceding States. ^ 

In witness ^whereof the undersigned duly authorized, have 
signed this Treaty. « 

• 
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Done in triplicate, at the cities of Washington, London and 
Moscow, this twenty-seventh day of January one thousand nine 
hundred sixty-seven. 



For the United States of America: 

Dean Rusk 

Arthur J. Goldberg 
For the United Kingrom of Great Britain 
and Northern Ireland: 

Patrick Dean 
For the Union of Soviet Socialist Republics: 

A. F. DOBRYNIN 

For Chile: 

Radomiro Tomic 
For Mexico: 

Hugo B. Margain 
For China: 

Chow Shu-kai 
For Italy: 

Sergio Fenoaltea 
For Honduras: 

RiCARDO MiDENCE SOTO 

For Ethiopia: 

Tashoma Haile-Mariam 
For Ghana: 

Abraham Benjamin Bah Kofi 
For Cyprus: 

Zenon Rossides 
For Canada: 

A. Edgar Ritchie 
For Bulgaria: 

Dr. Luben Guerassimov 
For Australia: 

John Keith Waller 
For Denmark: 

Flemming Agerup 
For Hungary 

Janos? Radvanyi 
For Iceland: 

..PeTUR TnORSTEINSSbN 

For Czechoslovakia: 
Dr. Karel Duda 
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For Japani 

Ryuji Takeuchi 
For Romania: 

Petre Balaceanu 
For Poland: 

Zdzislaw Szewczyk 
For Tunisia: 

Rachid Driss 
For New Zealand: 

Jack Shepherd 
For Colombia: 

Hebnan Echavarria Olozaga 
ForcFinl^d: -*/ 

Olavi Munkki ' 
For Panama: 

RiCARDQ M. Arias E. 
For; Laos :^ 

• Khamking Souvai>jl'asy 
For Greece: © 

Alexander A. Matsas 
For the Philippines: 

Jose F. Imperial 
For Turkey; 

Melih Esenbel 
For Yugoslavia: 

Veljko Micunovic 
For Afghanistan: ^ 

Dr. Abdul Mao^d 
"For Argentina: ^ 

Alvaro C. Alsogaray - 
For the United Arab Republic 

MOSTAFA KamEL 

"For Haiti: 

Arthur Bonhomme ^ 
For Luxembourg: 

MAyRiCE Steinmetz 
For Viet-lSf^m: 
. Bui Diem 
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For Venezuela; 

Enrique Tejera-Paris 
For the Federal Republic of Germany: 

Heinrich Knappstein 
For Israel: 

AVRAHAM HaRMAN 

For Er Salvador: 

Ramon de Clairmont-Duenas 
-For Thailand: 

SUKICH NiMMANHEMlNDA 

For Sweden: 

Hubert de Bbsche 
For Ecuador: 

GusTAVJ Larrea 
For Togo: 

ROBiERT AJAVON 

For the ^ominican Republic: 

Hector Garcia-Godoy 
For Switzerland: 

Felix Schnyder 
For Burundi: 

Clement Sambira 
For Ireland: 

WiLLL\M P. Fay 
For Cameroon: 

Joseph Owono 
For Indonesia: ; 

SUWITO KUSUMOWIDAGDO 

For Bolivia : 

Julio Sanjines-Goytia 
For Botswana: 

, \ JL^CHARIAH KeODIRELANG MaTTHEWS 

For Lesotho: 

. Alberto S, Mohale 
For Korea: 

" HyunChul Kim 
For the ^Bgo (Kinshasa): 

CyRILLE ADOULA 
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For Uruguay: 

Rubin A. Alejandro Cheli 
For the Central African Republic: 

Michel Gallin-Douathe 
For Rwanda: 

Celestin Kabanda 
For Nicaragua: 

GUILLERMO SeVILLA-SaCASA 
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Agreement on the rescue of astronauts, the return of 
Astronaults and the return of objects launched into outer 

space 



The Contracting Parties, 

Noting the great importance of the Treaty on Principles Govern- 
ing the Activities of States in the Exploration and Use of Outer 
Space/ including the Moon and Other Celestial Bodies which caUs 
for the rendering of all possible assistance to astronauts in the 
event-u>f accident, distress or emergency landing, the prompt and 
safe return of astronauts, and the return of objects launched into 



Desiring to develop and give further concrete expression to these 
duties. 

Wishing to promote international co-operation in the peaceful ex- 
ploration and use of outer space. 
Prompted fcy sentiments of humanity. 
Have Agreed on the following: 



Each Contracting Party which receives information or discovers 
that the personnel of a spacecraft have suffered accident or are 
experiencing conditions of distress or have made an emergency or 
unintended landing in territory under its jurisdiction or on the 
high seas or in any other place not under the jurisdiction of any 
State shall immediately: 

(a) Notify the launching authority or, if it cannot identify and 
immediately communicate with the launching authonty, immedi- 
ately make a public announcement by all appropriate means of 
communication at its disposal: 

(b) Notify the Secretary-General of the United Nations, who 
should disseminate the information without dcbj^^'^ all appro- 
priate means of communication at hi^^^iisposak-/; ^ 



outer 'space. 



ARTICLE 1 
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ARTICLE 2 

If, owing to accident, distress, emergency or unintenied land- 
ing, the personnel of a spacecraft land in territory under the 
jurisdiction of a Contracting Party, it shall immediately take all 
possible steps to rescue them and render them all necessary as- 
sistance. It shall inform the launching authorit> and also the Secre- 
tary-General of the United Nations of the steps it is taking and 
of their progress. If assistance by the launching authority would 
help to effect a prompt rescue or would contribute substantially 
to the effectiveness of search and rescue operations, the launch- 
ing authority shall co-operate with the Contracting Party with a 
view to the effective conduct of search and rescue operations. 
Such operations shall be subject to the direction and control of 
the Contracting Party, which shall act in close and continuing 
consultation with the launching auth(; 




ARTICLE 

If information is received or it is discovered that the personnel 
of a spacecraft have alighted on the high seas or in any other 
place not under the jurisdiction of ^any State, those Contracting 
Parties which are in a position to do so shall, if necessary, ex- 
lend assistance in search and rescue operations for such per- 
sonnel to assure their speedy rescue. They shall inform the launch- 
ing authority and the Secretary-General of the United Nations 
of the steps they are taking and of their progress. 



ARTICLE 4 

If, owing to accident, distress, emergency or unintended land- 
ing, the personnel of a spacecraft land in territory under the 
jurisdiction of a Contracting Part> or have been found x>n the high 
seas or in any other place not under the jurisdiction of any ^State, 
they shall be safely and promptly returned to representatives oL 
the launching authority. 



177 



183- 



ARTICLE 5 



1. Each Contracting Part> which receives information or dis- 
covers that a space object or its component parts has returned 
to Earth in territor> under its jurisdiction or on the high seas 
or in any other place not under the jurisdiction of any State, 
shall notif> the launching authority and the Secretary-Qeneral 
of the United Nations. 

2. Each Contracting Party having jurisdiction over the terri- 
tory on which a space object or its component parts has been 
discovered shall, upon the request of the launching authority 
and with assistance from that authority if requested, take such 
steps as It finds practicable to recover the object or component 
parts. 

3. Upon request of the launching authority, objects launched 
into outer space or their component parts found beyond the 
terntonal limits of the launching authority shall be returned to or 
held at the disposal of representatives of the launching authority, 
which shall, upon request, furnish identifying data prior to their 
return. 

4. Notwithstanding paragraphs 2 and 3 of this article, a Con- 
tracting Party which has .reason to believe that a space object 
or its component parts discovered in territory under its jurisdic- 
tion, or recovered by it elsewhere, is of a hazardous or deleteri- 
ous nature may so notify the launching authority, which shall 
immediately take effective steps, under the direction and control 
of the said Contracting Party, to eliminate possible danger or 
harm. ^ 

5. Expenses incurred in fulfilling obligations to recover and re- 
turn a space object or its component parts under paragraphs 2 
and 3 of this article shall be borne by the launching authority. 



For the purposes of this Agreement, the term "launching au- 
thority" shall refer to the State responsible for launching, or, 
where an international inter-governmental organization is respon- 
sible for launching, that organization, provided that that or- 
ganization declares its acceptance of the rights and obligations pro- 



ARTICLE 6 
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vided for in this Agreement and a majority of the States mem- 
bers of that organization are Contracting Parties to this Agree- 
ment and to the Treaty on Principles Governing the Activities 
of States in the Exploration and Use of Outer Space, Including 
the Moon and Other Celestial Bodies. 

ARTICLE 7 

1. This Agreement shall be open to all States for signature. 
Any State which does not sign this Agreement before its erftry into 
force in accordance with paragraph 3 of this article may accede 
to it at any time. 

2. This Agreement shall be subject to ratification by signatory 
States. Instruments of ratification and instruments of accession 
shall be deposited with the Governments of the United States 
of America, the United Kingdom of Great Britain and Northern 
Ireland and the Union of Soviet Socialist Republics which arc 
hereby designated the Depositary governments, 

3. This Agreement shall enter into force upon the deposit of 
instruments of ratification by five Governments including the Gov- 
ernments designated as Depositary Governments under this Agree- 
ment. 

4. For States whose instruments of ratification or accession are 
deposited subsequent to the entry into force of this Agreement, 
it shall enter into force on the date of the deposit of their instru- 
ments^ of ratification or accession. 

5. The Depositary Governments shall promptly inform all 
signatory and acceding* States of the date of each signature, the 
date of deposit of each instnunent of ratification of and acces- 
sion to this Agreement, the date of its entry into force and other 
notices. 

6. This Agreement shall be registered by the Depositary Gov- 
ernments pursuant to Article 102 of the Charter of the United 
Nations. 

ARTICLE 8 

Any State Party to the Agreement may propose amendments to 
this Agreement. Amendments shall enter force for each State Party 
to the Agreement accepting the amendments upon their accept- 
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ance by a majority of the States Parties to the Agreement and 
thereafter for each remaining State Party to the Agreement on 
the date of acceptance by it. 

V^TICLE 9 

Any State Party to the Agreement may give notice of its with- 
drawal from the Agreement one year after its entry into force 
by written notification to the Depositary Governments. Such with- 
drawal shall take effect one year from the date of receipt of this 
notification. , 

ARTICLE 10 

This Agreement, of which the English, Russian, French, Span- 
ish, and Cljinese texts are equally authentic, shall be deposited in 
the archives of the Depositary Governments. Duly certified copies 
of this Agreement shall be transmitted by the Depositary Gov- 
ernments to the Governments of the signatory and acceding States. 

IN WITNESS WHEREOF the undersigned, duly authorized, 
• have signed this Treaty. 

Done in triplicate, at the cities of Washington, London and 
Moscow, this twenty-second day of April one thousand nine 
hundred sixty-eight. 



\ 

18b 



APPENDIX E 



US/ USSR SPACE AGREEMENT 



er|c 187 



Text of the agreement on cooperation in space between (he 
United States andthe Uni(^ of Soviet Socialist Republics 
signed in Moscow on ^ay 24, 

AGREEMENT 

Between the United States of America and t/ie Union of Soviet 
Socialist Republics concerning cooperation iii tW^xploration and 
use of' outer space for peaceful purposes. 

The United States .of America and the Union of N^oviet So- 
cialist Republics,, ♦ , ^ .\ 

Considering tlie role which the USA and the USSR play liKilifr.---'-*^,,,^^ 
exploration and use of outer space for peaceful purposes. ^""'"'"''''-•-^^..^.J!^^ 

Striving for a further expansion of cooperation between the 
USA and the USSR in the exploration and use of outer space 
for peaceful purposes. 

Noting the positive cooperation which the parties have al- 
, ready experienced in this area. 

Desiring to make the results of scientific research gained from 
the exf)loration and use of outer-space for peaceful purposes 
available for the benefit of the peoples of the two countries 
and of all peoples of the world. , . * 

Taking into consideration the provisions of t)ie treaty on- prin- 
ciples governing the activities of states in the exploration and use 
of outer space, including the moon and other celestial bodies, 
as well as the agreement on the rescSue of astronauts, the return . 
of astronauts, and the return of objects launched into outer space. 

In accordance with the agreement between the United States* 
*of America and the Union of Soviet Socialist Republics Of ex- 
changes and cooperation in scientific, technical, educational, cul- 
tural, and other fields, signed April 11, 1 9727 and in order to 
develop further the principles of mutually beneficial poof>eration 
between the two countries: 

Have agreed as follows: • 

ARTICLE 1 . ' \ 

The parties will develop cooperation in the fields of space 
meteorology, sludy of the natural environment, the exploration of 
near -Earth space, the moon and the planets: and space biology 
and medipine: and in particular will cooperate to tak^ all appro- 
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priate mc^sj^s to encourage and achieve the fulfillment of the 
"summa^f^^f results of discussions on space cooperation between 
tWySNational Aeronautics and Sgace Administration .and the 
'rt^emy of Sciences of the USSR" of January .21, 1971. 

ARTICLE 2 

The parties will carry out such cooperation by means of mutual 
exchanges of scientific information and delegations, through meet- 
ings of scientists and specialists of both countries, and ^also in 
such othfer ways as may be mutually agreed. Joint working groups 
may be created for the development and implementation of ap- 
propriate programs of cooperation. 

ARTICLE 3 

. The parties have agreed to carry out projects for developing 
compatible rendezvous and docking systems of United States and 
.Soviet manned spacecraft and .stations in order to enhance the 
safety of n;fanned flight in space and to provide the opportunity 
for conducting joint .scientific experiments in the future. It ' is 
planned that the first experimental flight to test these systems be 
conducted during 1975, envisaging ' the docking of a US Afibllo- 
type spacecraft and a Soviet *Soyuz-type spacecraft with visits. ^ 
pf__astronaut5jn each pthefs spacecrafts. The ' implementation of 
these projects will be* carried out on the basis of prindpl^s and 
procedures which will^be developed in accordance with the sum- 
mary of results of the meeting between representatives of the US 
National Aeronautics and Space Administration atid .the USSR 
Academy of Sciences on the question of developing compati- 
ble systems for rendezvous and docking of manned spacecraft 
and space\stations of the USA and US§R, dated April 6, 1972. 

« ARTICLE 4 

The parties will encourage international efforts to resolv*e 
problems of internatipaal law in the exploration and use of outer 
'Space for peaceful purposes with the aim of strengthening the 
legal order in space and further developing international space law 
and will cooperate in this field. * ^ 
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ARTICLE 5 

t 

The parlies may by mutual agreement determine other areas of 
cooperation in the exploration and use of outer space for peaceful 
purposes, . 

AimCLE 6 

This agreement sh^ll enter into force upon signature and shall 
remain in force for five years. It may be modified or extended by 
mutual agreement of the parties. 

Done at Moscow on the 24\h of May, 1972, in duplicate ia the 
English and flussian languages, each equally authentic. 

For the United States of America 

Richar'd Nixon ' » 

' For the Union of 
Soviet Socialist Republics ^ 
Aleksei N. Kosygin 
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The following is a list of subjects of fnterest to the study of 
space technology, including many of the terms listed in the "Words 
and Phrases to Remember" sections at the end of each chapter, 
plus other entries. Terms In this list are adequately explained in 
the text, usually where first mentioned. Page references locate 
passages where the Items are defined, discussed, or explained, 
as necessary. 



Academy of Sciences, USSR* 62, 65, 72 

Aerobte rock^ets. 5 

Aerodynomrc Theory: 127, 139 

Airspace Theory: 126, 139 

Alouette: 102, 119 

analogs: 38, 58 * 

apogee: 28 • 

ApoHo: 33, 57, 79, 80 

Argentina: 101, 104, 105 

Ariel: 90, 119 

artificial plandtoid. 22, 58 

Astronaut: 72 

Aitronamicai Netherlands Satellite (ANS): 
' 98, n9 
Atlas: 15 

Atmosphere Theory: 126, 139 
Australia-Asia: 106 
Austria: 99 

outomatic orbital laboratory 45 
•Azur: 97 



B 



Baikonur Cosmodrome: 1, 4, 17 
Ballistic Miss^e Early Warnng System 

(feMEWS): 35 
ftelgium: 84, 99 « 
Belka: 38, 58 
Belyayev: 43, 59 
Beregovoi: 47, 59 
Biological Theory: 127, 139 
Black Arrow: 90, 119 
Black Brant: 103, 119 
Bolivia: 101 
Borman, Frank. 48 
Brazil: 101, 103, 104, 1 13 
Brezhnev, Leonid: 66, 81 
Bulgaria: 67, 68, 69 



Canada: 101, 102, 103 
Cape Kennedy: 5, 90 
Chernushka: 38, 58 
Chicago Convehtion: 123, 139 



China: 110, 111, 112, 120 

Churchill Rocket Re search Range: 103, 119 

Collegium: 62, 81 

Committee for European Space Research 

(EUROSPACE):.87, 89 
Coralie- 95, 119 

cosmic communications bridge: 68 

cosmodrome. 70 

cosmonaut: 8, 72 

Cosmonautics Day: 62 

Cosmos: 23, 24, 25, 27, 28, 42, 43, 51, 

58, 59, 69 
Cosmos cover: 19, 23, 26, 42 
Cosmasr vehicle; 11^ 17 
Council of Ministers: 62 
Cuba: 35, 67, 68 
Czechoslovakia: 67, 68, 70, 99 



DeGoulle, President Charles: 72 
Denmark: 84, 99 

Dial: 95, 119 " 
Diomont: 95, 97, 119 
Do^rovoUkiy: 19, 50, 59 
Duke, Dr. Michael B.: 71 



Earth Orbital Science: 75 
East Germany: 67, 68, 69 
Echa-2: 70 

Editorial Board, joint US/USSR: 72 
Elektron: 27, 29, 30, 31, 51, 58 
Environmental Science Services Administra- 
tion (ESSA): 28-29 
EEuropo: 95, 99, 119 

European Conference for Telecommunica- 
tions Satellite (CETS):'87, 88, 119 

European Launcher Development Organi- 
zation (EpO): 84, 87, 95, 98, 99, 
107, 118 

European Spoc* Research Organization 

(ESRO): 84, 85, 86, 87, 95, 118 
EXAMETNET: 100, 101, 104 
extravehicular activity: 43, 59 
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F«d«ration A«ronautiqu« InUrnationalt 

(FAI): 10 
F«oktistoV! 42; 59 

Filipchcpko, Anatol/: 50 ' 
Formosa Bay: 93 

fractional orbit bombardmtnt sat«liit«s 

(FOBS): 16, 17, 55, 56, 59, 75 
Franct; 7a, 72, 73, 84, 86, 95 

G 

Gagarin, Yuri: 8, 17, 38, 39 
Gtmini: 48 
g«ostationary 28, 58 
Gtrman/. 84, 86, 96, 98 
G-forc«s (gravity pull): 8 
GHz: 92, 119 

Gilruth, Or. Robert R.: 71 gimbal: 11, 17 

GItnn, John: 38 

Goddard, Robert: 1 

Goddard Space Center: 5 

Gorbatko, Victor: 50 

grand tour: 77, 81 

Gravitation Theory: 126, 139 

ground traces: 4, 5, 9, 17 

Guiana Space Center: 95, 119 

H 

Helios: 97, 98, 119 

High Eccentric Orbiting Satellite (HEOS): 
84, 86 

Houston Manned Space Craft Center: 4, 

17 ' . , 

Hungary: 67, 68, 69 

I 

inclination: 8, 17 
India: 113, 117 
Indian Ocean: 90, 92 
INTELSAT: 68, 97 

lnter>American Committee for Space Re- 
search (lACSR): 100, 101, 119 

inter>^merican Committee for Space 
Rocket Nttwofk: TOl, 119 

Iniercontinental Ballistic Missile (ICBM). 
.9, 10, 11, 35, 51, 54, 55, 56, 75' 

intercosmos- 62, 67, 68, 69, 81 

interest Theory: 128, 139 

Intermediate Range Ballistic Missile 
(IRBM): 11 

Jnternational Aeronautical Federation 
(FAI): 87, 89, 90, 119 

International Geophysical Year (IGY): 19, 
58 

international Satellite for Ionosphere 

Studies (ISIS): 102, 119 
Interspi^nik: 62, 68, 81 
Iran: 114, 115 
isotopic fuel: 34, 58 
Israel: 114,^115 
Italy: 84, 86, 91^-94, 95 



Jo''drell Bank Radio Telescope: 90, 119 

Jupiter: 77 
jurisdiction: 124, lj39 



Kagoshima launch Range: 110, 11^, 119 
Kaluga: 5 

Kapustin Yar: 3, 5, 11, 23 
Kapustin Yar small vehicle: 11, 17 
Kenya: 92, 93 
Khrunov: 47, 59 

Kittering Grammar School, 5, 8, 17 
Komarov, Vladimir: 19, 32, 42, 43, 46, 
^ 47, i8, 59 
Kosygin, Aleksei: 72 
Kubasov, Valery: 50 
KY-launch vehicle: 11, 17 



Laiica: 19, 20, 36, 58 
lander: 33 

Langiey Space Center: 5 

laser reflector: 34, 58 

Lenin, V. I.: 61 

Leonov, Aleksei: 43, 44, 66 

lines of demarcation: 125, 139 

Uvell, James A.: 48 

Luna: 12, 20, 22, 23, 31, 32, 33, 59 

Lunar rover: 36 

Lunar samples: 71 

Lumks: 22, 58 

Lunokhod: 34, 36, 58, 73 

M 

Manned Orbital Platform (MOP), 1^, 78, 
81 

Manned Spacecraft Center: 8, 17, 71 
man>rated; '10, 17 
Mar del Plata: 104, 119 
Mars: 37, 77, 81 

Medium Range Ballistic Missile (MRBM): 
11 

Mercury spacecraft: 38, 40 
Meteor: 28, 55 \ 
Mexico- 101, 104 • \ 
Molniya: 26, 27, 28, 55, 58 \ 
Mongolia} 67 ^ 
multiple orbital bombardmei^ystem 
* (MOBS): 76, 81 
Mushka. 38, 58 
Mu4: 110, 111, 119 

N 

National Aeronautics and Space Adminis* 
tration (NASA): 15, 23, 29, 68, 70, 71, 
72, 86, 89, 90, 95, 97, 98, 103 
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Notionol Spoct Actnyt>«t Covnoi (NSACj 
109 

Notono! Spot* D«yttopmtnt Agtncy 

(NSOA) 109 
notvrol 6%cay ;21, 58 
Ntthtriondc U, ^6, 9B, 99 

o 

Oktliik. 63 
orbittr: 33 

Orbiting G«ophysico! Oburvcrtory (OGO) 
21 

Ortoh 72, 81, 96 
Oiumi: 108, 119 
Ovitr Spoc* Tr»oty 77 

P 

Potnt, Dr. TKomai 68 
Pokiiton: 114, 115 
pQltoytv: 19, 59 
Pchtiko 33, 58 
Ptndl: 107, 119 
P«ol#: 95, 119 
Pttrovf 68, 81 

PUMtik. 3, 8, 11, 17, 18, 23 
Polond 67, 68, 69, 99 
Polyot: 19, 41, 42, 59 
Pompidou;, Pr«i)d«nt G«crgts 72 
Protom. 16, 17, 43, 44, 59 

R 

Rts«v« ond R«tum Agr*«m*nt* 134, 139 
rttro-rocktt: 33 

REX: )03, 1 19 
RoMu: 72 

Rumonio: 67, 68, 69, 99 

s 

Sa»yu!. 43, 49, 51, 52, 53, 59 
Son Morco. 91, 92, 93, 119 
'Sonto .Rito: 93 
Sotto di Qwirro: 92, 1 19 
Sotum: 15, 77 

Sd«ntifc'Ttchnicol Covndl, USSR, 62 

S«<vrity Thtory: 129, 139 

S«nti G: 16, 17 

Shotofov, Vlodimin 47, 50, 59 

ShinMi: 103, 119 

ShiuMf: 103 

Shonin, Gregory: 50 

SIR^O: 94, 119 

Skyn»t: 90, 119 

Smoll AiJipnomy Sottllitt (SAS-A). 94, 
119 

Sovit! Bk>c: 67, 68 * 

Sovitt Hydromtttorologicol S«rvie*: 2& 



Soyoz jpooKroft 12, 36, 45, 46, 47, 

43, 49, 51, 58, 59, 78, 79 
loytrtjgnty 124, 139 
Spoc* Actiirtit» Commijwon 109 
>poc» Shottir 78 
>poin 34, 99 

iputnik 3, 4, 19, 20, 21, 36, 116 
SRET' French p»ggybo<k crcrft- 74, 96 
SS-4 Sandal MRftM 11 
SS.5 Skeon IRBM: 11 
SS-9 Scorp ICBM 16, 55 
Stor City (Zytdz/iy Gofdok). 8 
Strotegic Armj Umttalion Treaty (SALT) 
75 

Strelko 38, 58 
Suitland, Marylofvd, 70 
Sweden- 34, 99 
Switzerlond- U, 99 
SympKonie: 96, 97 
syr>optiC readings: 30, 



Terejhkoya, Volentino 40, 41, 53 
Theary of effectrre control- 128, 139 
Theory of lotellrte orbit 127, 139 
Tlroj 29 
Titan 15 

Titoy, Gehrmon S. 38, 53 
toroid. 78, 81 

Treaty on Otrter Space 130, 139 
Tsiolkoysky, Konstontin E.: 1, 2, 17, 36 
Tsiolkoysky, Muieum of Astronouttcs. 4 
Tyurotom. 3, 11, 17, 26, 72 

u 

UnHed Arb Republic (UAR)* 63 

Unhed Kingdom: 34, 36, 87, 90 

Unrted Nctionf 70, 34, 115, 117 

United Notions Committee on t^e Peocefui 

Us«i of Outtr Spoce. 116, 120 
United Nohoni Spoce Registry (UNSR): 

116, 120 
u»que od coeium: 125, 139 

V 

Vondenberg AF3-Po(nt Argueilo lounch 

site: 5, 17, 90 
Vtnera 35, 5t 
Venus: 35, 37, 76 
Vinogradov, Alexander. 71 
Volkov, Vle»dislov: 19, 50, 59 
Volynov: 47, 59 
von Kormon Lne: 127, 139 
Voikhod- 12, 19, 36, 42, 143, 58 
Vostok- 10, 12, 17, 19, 26, 36, 33, 40, 

42, 58 
V.2 rockets: 3 
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Wallops Island (lounch $Ht): 17 
W*opo<it IUs*arch Estobli$hm*nt SottHitt 

(WUSAT): 106, 119 
WKHtKalb 90 

WhH« S<md$, Ntw AUxkot 5, 17 
window: 76, 81 
Woom«fa, Austrolki: 90, 107 
World M«r^torotog}caI Orgonization 

(WMO): 117, 120 
Wofid W»ath«r Watch: 117, 120 



*X'3. 90, 91, 119 



Y^flfov -42, 59 

YttiM/tv, Akx«/ 47, 50, 59 

^ z 

Zond: 50, 51, 53, 54, 59, 76, 79 
Zv^diny Gordok: 3, 8, 17 
Zvtxdochko: 38, 58 
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